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WO 2004/ 101015 PCT/ US2004/ 014368 TREATI NG BACK PAI N

BY RE- ESTABLI SHI NG THE EXCHANGE OF NUTRI ENT & WASTE 5
WO ©OFs | NVENTI ON This invention rel ates to PEL/OSIS4/014368

and devices for transporting nutrients and waste into

and out of the intervertebral disc to halt or reverse

t he degeneration of the intervertebral disc.

BACKGROUND TREATING BACK RAIN BY RE-ESTARI.ISHING of
disability a f adults
experience b%ﬁ’%b#%ﬁggéﬁé&ﬂmﬁ&%ﬁ l'ives.

For frequency of physician visits, back painis

second only to upper respiratory infections. In the
United States the economc inpact of this malady has
been reported to range from $50-$100 billion each

year, disabling 5.2 ml|ion people. Though the

sources of |ow back pgirih aFanvaRreghn i n many cases the
15 intervertebral disc 1s thought to play a central
Thislisvenfiegeclateatd methods arbdavices forrtransprirtisg puatrinnts and waste into and

er tissue eri n spi n mechani and .
out o ST YRES ORIt G5 ters the deesPrabin pf s daiepigricbral disc.
ti ssues. The mtervert?gﬁk GRFGNDOO0 absorbs nost  of
e spl ne

t he conpressive |load o , but the facet
Lpwiback paids a ledlingfcatdesof\disabiity ahd lostpreductivity s hiprie 90% of adults

BT TR AT TR N
pain s%)é il GHifeol Jbg:eﬁégﬂﬂ#ﬁtg 1@@ Ogﬂkﬁt@ﬁteh%ategﬁle%@%c impact

gures maintains 1ts
of thlS tnalanylhaa Ibeqar eperted msam@rfgmh)%;somﬂ O0yilion sachlyedr, tisabling 5.2
etai n wat A norpal disc, 100 cont a| ns

at tra nd
milligihpg efh theesorep E@%@%ﬂﬂ@%%%%ﬁ% e

di
o R B8P o P DR e RGBS B B pin
othertthigucss diterigg Simgl nahadies aal prodydinienémepltysictogit KBS in

wi thin the collagen fibers of the annulus. The
Suﬂompgi“ﬁﬁlespressure produced by high water content is

ERbertbRaiSHAP R0l dbISkbE Fcﬁ)s%‘f‘tﬂls @5mhlae‘é§{zélofa8 of the spine, but the

SUS al ni ng conpressi ve

facet ljcinG 1420148201 thé @atebral Bodics €59 shard apukibfately 16%. The disc 100
I ntervertebral disc 100 is avascul ar. Survival of the

consigisof three Histing parisishomuclensmpuiposenld, thﬂﬁmubn iayeerra@dnthe

ext er nal V.ES: els 1 2_an ar t hrough
cartifghSle hop g abs 5 S i MRl R0 LR G5Ebgai e
structufal preptiesdarg Ellyftfn‘éﬁ bR its AbiliRkior i@tk Sndetdin %fd?eﬂtlﬁﬁmal disc 100
from peri phera bl o0d vessel s adj acent to the outer

contaiim¥% svatdyin themusleusipulposmst128c he on¢lgusgmipasas 828 within a normal
disc 100 is rich in water absorbing sulfated glycosaminoglycans, creating the swelling

pressure to provide tensile stress within the collagen fibers of the annulus. The swelling
pressure produced by high water content is crucial to supporting the annular layers for
sustaining compressive loads, as shown in a longitudinal view in Figure 2.

In adults, the intervertebral disc 100 is avascular. Survival of the disc cells depends on
diffusion of nutrients from external blood vessels 112 and capillaries 107 through the cartilage
106 of the endplates 105, as shown in Figure 2. Diffusion of nutrients also permeates from

peripheral blood vessels adjacent to the outer annulus, but these nutrients can only permeate
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1 WD 2004/101015 PCT/ US2004/ 014368 wup to 1 cminto

the annul ar | ayers of the disc 100. An adult disc can
wheooagolog¥ ge as 5 cmin dianmeter; hence diffuBtDNS2004/014368

t hrough the cranial and caudal endplates 105 is

crucial for nmaintaining the health of the nucleus

upto%ﬁéx@.‘r’%&%%m% a”i ks ﬂa%é}?#';@fi o) W G cap b2 §JFRGS IR, om in
dwm%%ﬂ%n&@ %péueﬁ fld 5?»11&? t@s“i J3ay ?8%% for
young as yea S age, Cl a ers

mainkging thethealih @ﬁtﬂeameleumpulpb@s A28 tahd agich mﬂa&ﬂﬁi;rdrmfethe disc 100.
105, as shown in Figure 3. The blood vessels 112 and

Galgivmpxronbesphatyandthydroxysaties &8 ﬂemmg‘:év fornd iy the sndplate 185 and

nuclﬁ%gygxr %luli %égcéﬁ &gﬁ% a%%’l r%t}{ég'is olfgg cLaJR: led e%qge%@ ﬁ@ ﬁ%%ﬁ ?0 accumulate in
the chiffifag@iiRlcal@att0B5] REhEHH S Fi/gui'éB aoe bl«y&??esbéléflmlﬂﬁi @pilaries

105 1s obllterated by bone, diffusion between the

107 atiils bons- mmlpg%mserﬁaze aremacmauy prduded stbe byild-up op thegleified

tyers i Gp Rl Faf Hghdnd, Ao et o] BiendPla 1D apdifpstwith age.
WhdPha tR8pidE 05 Lﬁ &ﬁlﬁérafeﬂ By thoh8 QR4 Béiwebn e Mhéﬁ@ Pulposus 128

into the  disc 10 Oxygen concentration at the
and Weod veskelpdi2 be;jfontll’nhe endplate  B0S1R @raatly dintitedndh yddition to hindering the

ditfuiparo! picsaiss ot Beg daiies, B AR o e pegeaof f oxyeen into the

disc m ?ﬁ@?eﬁ %ﬂceﬁﬁﬁﬁq\ﬁ' z{t ¥he' c%nﬁﬁﬁifgﬂ (ﬁ‘ttﬁéjnl]ﬁc@el.@ 9289 &&rgﬁfelﬂr fdw.

0se proximt cartilagli nous en
Cellul@¥ty oftiie dise 180 B alreadygew oompa&dttb aiosbtissues. €T ebt;im necessary
sensitive to changes, in.cell density or consunption

nutnﬁl&ﬁ and axygeg) gell apHaiY ﬁaﬁmcts@ t%‘aﬁ%% Of Hy WTY FlessRIOKyYy to the
) f.a
RS URPHAE 1087 PHHREH G 6%)eh ot Sy vory sonsitive o changes

in ceﬁr&éml@t @<cohSimptivh aterpeptdll,, the sul fated
| ycosam | ycan concentration decreases, |eading to
'ﬁw@ppwé ao e the r&lﬁ’@u%mlppswpﬁ dorhiessaihesizig slfated

glycmh ?m?o@ cans 1s|ax g%l sﬁfé@tgé %? ﬁhee S%I %le &%{pggésrﬂ%uc X5 result, the sulfated

glycotapSfodiycatichidohtrhiich duéedasess leﬁéﬂnF@@ Lswek 2t dBnieft dndngRiling
distribute the forces evenly along the circunference

pressyte withini the anclewsvlpesus $28 elapnmgmeorrrmhémﬂ}a@m@mymdoadmg on the

spinGyfh b et AR Fisemlne PRSP 38 1O et AP giovt the forces

CVBHW%@&G%M@%%M&%Dﬁﬂ@S dehahe laméBhSbulddg outward. As

hown in Figures 3 and 4. 25 The shear stresses
a resuhwtbc inpeatamgilae sajsinwaid a\thuls mheamueﬂ:annglm gommueh ighidge outward,

causiis e LY ForfsE g §hhog B RATERS 084 T n

THR&hEaWHeRE em%ﬁlﬁe%ﬁmaﬁaéﬁﬁﬂmhaﬁaﬁd Eﬁgﬁ@%ﬁ] ié!i%héﬁ 6fthe

joint 142, nce, the nerve 194
posterm]utetfabpmmans ddjdcenttovthe naraforam¢rol2Inflhe gerve 194 lig/canlimed within

bul gi ng di,s¢. 100 or. bgne sp
neuro% ar%en 14% between the (ﬁsc and tﬁe ?acet joint 142, 143. Hence, the nerve 194 at

the neuroforamen 121 is vulnerable to impingement by the bulging disc 100 or bone spurs.
‘When oxygen concentration in the disc falls below 0.25 kPa (1.9 mm Hg), production of

lactic acid dramatically increases with increasing distance from the endplate 105. The pH

within the disc 100 falls as lactic acid concentration increases. Lactic acid diffuses through
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When oxygen concentration in the disc falls bel ow 0. 25

kPa (1.9 mm Hg), production of 30 lactic acid
waelc@raoiocal |y i ncreases with increasing di stanP€r/i/§2903/014368

the endplate 105. The pH wthin the disc 100 falls as

| actic acid concentration increases. Lactic acid

di ffuses through 2 WD 2004/ 101 15 PCT/ US2004/ 014368

micronieats of @@raggs igrtalng thegichiy ipp%fé@qe BostRdor Eﬁ gament 195,
{
et SR PR 04 ST SRR o R Gl g

1actaté WVeRand a(wa PER TR iaé@spHef dymptéatic dikes \lv@s:sh@ilﬁcdmlyéb\ﬁer than
and | ow pH The nean pH of synptqomatic di scs was

the meiryphl fof dmnqnyxal oty ’Ehﬁ #pid copgentaHan pihese tipes igherd syraptomatic
disc %i’?% P:I(lj 5%8@5&1&1{15 ?ﬁc':so\glﬂl ff'g? %hé hcgg ?o&'eﬁaﬁon within the

I'SCS an no

disc 1§ ¥ @erﬁéﬁhé ﬁlagﬂnﬁ ISvetM Inhsoﬁid  tRedperatitvd @?’Iﬁpﬁ(ﬂl@l@ e Rttt roots 194
hin the disc is 5.6 tinmes the asma |l evel. In

were ﬁumé tcp be spzounded by dymsptﬁimzs. sgarg pB¢ gdhqsx@alv svithgemarkably low pH

5.7-6 i e e sqproreeinh MR D i S0 3d R BiSmERREE, 57

RXERAERTE598 ofpdtitint WilieloW ek Wam dadnét dilepretiss
A?)g Agtprox?i:rgtely 85% of pa}plaglnts vmlﬁ:gs‘llo aclk

pathqaaammuah diognasés. gihistypa Oﬁp@n isgenenilly slaseified voderc apn-specific pain”.

R e e R ok e .
such Q§mﬁ§&1§@cﬂ %Mhﬁtﬁﬁcﬂdn Ql?sﬁﬁgk‘d S5 ahd'@ém, ?x‘éss!i@ﬁ oftht @6itefibifongitudinal

nerve root, such as intradi scal I ne | n(i ecti on,
hgam]bn’ssc dgmeppkwble M sowepf the giopspesifie p@npmetueq%

secre‘feﬁgg 'ﬁks‘ggi: | Ime gtgﬁrﬂg d:iﬁfg&é@ gl%@; t%? agpl% 81:1§ Wleanguvenng and
com aéé'siotn@ah 9.?30 @608t B ifrfifMal4oRl ﬁ'pfé“duch RbfGhédfic path Ciirkétly, no

I'sc can flush out the lactic acCid. Maneuvering and 15
interventipn etter thandiscectbswy can haletheprodustion pf 1apm #0id. acid to

¢ RO oS Sk txsghl s frion e O e B, 5 peB-2A the disc
100. l’l%cstdlp o ?ﬂeCiog&_ hfse g&gu?éjéffé?:ﬁjslag AekrithdEs the f&eé’é@)%hlyta%ng the

on as rinatire” to pressurize thé disc
cncuﬁﬁ&end’e(bf&h@ﬂmet aﬁdtlizusl and dteepistike lameliseibelgaipf@twarnde I"[yne process of

distributes _the forces even
disc dggeneratiombrainsawith paisitigpidp %eﬁq(i’ga%?%ﬂ% Wi‘&*@&{l glj%ﬁlsmn of

c
sulfafe atn‘ﬁ%xgg '?ll %at ?%gl%ﬁ ﬁpﬁe en %I étggg Sﬁltdwﬁl ch g]%???
absofbid si8fatd Pfcosatinbalyearnrissiguifigatlyi nedmeﬂhmdﬂhe ieates content within

pul posus 128. As a result, productl on of t ter
the nuplebs @CF@S% The trgr gampdas dammelios begiadn sog @@F‘gﬁ\ﬁg thefgpsign on

collag%tbﬁg ad t h e % 1080 Hé ﬁ%gde\ﬁ'e{a{fg é 110 SR tRstable

annul ar egl n to sag

moved¥@! sﬁmﬂﬁf‘ﬁ) d ﬂzﬁ tir&NAbpidxinatelg Q0+ 3096 6f fows Back-pih battentshﬁve been
annulus is lost. The degenerated di sc 100 exhibits

diagnossd asahmsnmal segmentaldnsiability. (Ihe paim mey erigipate from stress and
increg ‘Ehe fhee ?onsit%%% or ls@rrvg bamk IPg%m%ngatIﬁ g@(ﬁﬁoﬂ] Pfwithin the

disc 100 becomes acidic from the anaerobic production of lactic acid, which irritates adjacent

L

by lactic acid irritation

nerves and tissues.
Resilient straightening of a super elastically curved needle within a rigid needle is
described in prior art DE 44 40 346 Al by Andres Melzer filed on November 14, 1994 and FR
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di agnosed as havi ng spinal segnental instability. The
pain may originate fromstress and increased |oad on

wo b@4fiauoet j oi nts and/ or surroundi ng |i gament SPCT/IIS2004/014368
addition, pHw thin the disc 100 becones acidic from
t he anaerobi c production of lactic acid, which

2 sy e L B O e e e
N

witho@ifth dxfftrnad dﬂiblﬁﬁ&hé 1gihkof BETTuDSACHd riyid 86sllesIni8 be dBi8ast six
- Al by divier TrQ|S|er filed on August 19, 19

111@11@% Grs\;-’e@n)ﬁ cereare sultiplegEobleps yhen F‘ite%?t@lq}gé’an?tgreh‘g? F@lgﬁied
endplhte 3y dgschp&gmstﬁé gn[nl &t u§haﬁ)0 k BneMdA§ muck@idi & al&ﬁ§ the curved needle

Pnterver ut an’ external Incision, the
usuallygs stk Qﬁlckeﬂ&ltﬂunmaﬂog ﬂnds ngmgi s n@ddlm appnmmlzttelyﬁﬁ GPa

|
<austqs?£§tag%hxwéaf%§a2%?@§ét NP g il opabe swed padigid needis

we RN PR Y ﬁg@slaélscgy 5O i
the 1eﬁ§tﬁ§ ticfl nddtilekoR0-dukihg hdphie 108 yuhasring us ghmmndﬁlgmas 54 and 55.

approxi mately 83 GPa_ (austenite), 28-41 GPa
As a fesult, dimetianegt puBotare isflikelyelo b dafledtedmdradplagatdSapngiuge would
and rigid needles are restricted fromtw sting, the
fail. | ong and elastically curved needle 101 is likely to

Flthetnotd, tdHhB pribh&rt, the Sy tips af thein eigitl feedS atklor thg concave sides
endpl at & 105 punct uri ng, as shown in Figures 54 and

of thésSuvelneadies. When/punctyring e relafively hasd Hesugs @lql@s cpigiied epdplates

105, e defl ec ed d en Ia@l?: 105 @ﬁi’@h?ﬁ d%grab%ﬁbib ndmg,

resdﬁﬁeggié\] \%g cﬁirétmugmﬁle%al&m%napﬁ@s 1osf Tblﬁﬁnﬁﬁweehdmg or
n puncturing a relatively hard tissue,

twistmggthe aﬁzemaﬂthelt caryed adthgtdemedlm@sre redrureddn be Jargs. Jg ingreasing the

sizesygLfhe o0 11 PR et 2P PORIR TGP PR SPE eRod abf rieid 220
needl{ewgrs ﬁ%ﬁicféaﬁ% i Ze%@feﬁﬁ» ARt anliQeftic AT ER: ARVSH M@BIRI101 very

heir curved and rigid needl es
difficakie i edmum.; a lin@e lopening greateByn theahmumrmr thé: brgesiecdles gfay cause

hernigtien 647he BUFIZEPUIRRFUT 18-S BA o GO P iigat i endplale 10 may
causd ST 3?561‘?0 F%Af%% ! é’\%‘apﬁ_plogg ?2& ﬁI’«B trR\ARktehial B&Ef 159.

curved nee very I'n addition,

Th ads8foeOthe Rupyhrefremtthel distal titboftths cigititelle 212ben IFzgug@ 62-67 of this
needl es may cause 20 herni ation of i‘ﬁf nucl eu

invergigings leyanbie supper p@pqt\}tmgep |agp]§§v@§ s‘é(f, speh.as calcified

endpfﬂﬁecfﬁgﬁla élcs)S SH?X%&%Q I%tcl‘lnae Vgn?eror a?i% %&?ﬁ%%ﬁ cflfss—secnons of

the cB828M10F and ﬁglds,}ll)ﬁiéédleﬁ §56U6Btt@bre@6ﬁt t@lﬁstiugerd algp rdlevant to
needl e 220 'n Figures 62-67 of this
ensure successful puncturing through the calcified endplate 105.

SUMMARY OF INVENTION
In this invention, conduits are delivered through the calcified endplates to re-establish the

exchange of nutrients and waste between the disc and vertebral bodies. The conduit is
delivered within an elastically curved needle. The curved needle is resiliently straightened

within a rigid needle. The rigid needle punctﬁ.res into a degenerating disc with calcified
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invention is relevant to support puncturing of a
relatively hard tissue, such as calcified endplate
wao@4mbtons a smal | di anmeter needl e 101. Furt her POF/ES20041€14368
non-round cross-sections of 25 the curved 101 and
rigid 220 needles in Figures 56-60 to prevent tw sting
ensure succe

are also rel evant to sful _puncturi ..
endplaifsy JltgipiasHeallyueyeringgdle famying Shelepsdutsia fprdemipyed ifom the rigid

| -
noediq OYEHE, Ly el O o] puf Ao i SRifokPRflate. By
retrievingtha egeved hedilé backrinie thergidarediclydtilodmiding e phlinger ahihd the
vertebral bodies.. The conduit is 30 delivered wthin
conduj{ stafionary; the condugt jp 9%@0 qss thefndplats lodranaeast putyignts and waste

betweér?ﬁxieléiis%%g%eﬁéﬂr&i ghtened wthin a rigid needle. The
rigrd needl e punctures into a degenerating disc wth
Thegheatttiag ddviOnAR 40 ion Ts RESEnEBRONI14368sting and friction
endpl ates. The elastically curved needl e carrying.the
betweenythgsirvef god Heid reediesy bhe fevdes alpppiovisies suppeEdp dhe astically

« . n . I, . .

ourved S et O ORI R BRI T) GO Y Bico i
designedes Ueliveaaldeastboe tdiluitiagite ehdpldicctobnidpe béwwleth thg avascular
. plque[ behi nd the conduit statiopary, the conduit is .
interv yhise and ithesverieheal Bedinios eechegee ppEBents. axyesn. prben dioxide,
Iactatea%qi\)@?s% e 5 between the disc and vertebra. The

puncturing device in this invention is designed to

Nutishtshdd oigbgéﬁ hidWbuddhtlyrsupplicd by pegipherahblobé vessels @darahel outer
rigid needles. The device al SorFﬁr Qvi des _support to the

annules. {sanduis ¢an also hadeployed dnapsversethedogeneraing dise ip drgy nygrients

0 . i he ) 7
o GRS i SR
ARG RRinE abdwhste gchahied Weesthbleshad B¢ thé s@mi-permeable conduits, stem
intervertebral disc and the vertebral body for

cells, gsoviilafagtoror genp therapeuiic agryty ean be tnjestad iatodiep disc to promote

| act at te. Nutrient oxyge reynab
regencrffQT B aR5HofBl Bive M 4ol e DAL ') BRIt
DonoPd¢dll linjSctednisHhie ldssc@an ba hserished B¢ Puiedts thiokph V&Y sthilpefmeable
degenerating disc to draw nutrients fromthe outer

conduiin mithout trigeeyingra immauneyssnonse oElese eedlstaae selepitertfor their capability

. degeneration. .15 After .nut.ri ent and st e .exch IS .
to biop ISP forahvutc gt i o pli e w S RanaRIRE S, P Dyrabeutic
agentSAb htnspdredMiRodgCthe kerfi-p&fidabik REARRE Yhto body eREHatici toleat a

injected into the disc to pronote regeneration. In

diseaseddi ti on, the disc with semi-perneable conduits is
still immunoisol ate l.s,nj ected into the
di sc can be nourishgﬁg%ﬁﬁﬁﬁﬁ?§@h#§EFgrough the

100 S@brvERSHIRaiice conduits withoypgt ripleRaHOEr @lcifibd1a)ers
response. These cells are selected for their

101 cijsadlel i ty 109  Plunger

102  Bevel or tapering 110  Monofilament

103  Trocar 112 Blood vessels

104  Lumen or channel of conduit 113 Tissue gripping flange
105 Endplate 114  Amnular delamination
106  Hyaline cartilage 115  Epiphysis

107  Capillaries 116  Penetration marker
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20 to biosynthesize therapeutic agents, such as

insulin and neurotransmtters. The therapeutic agents
wae@4tiemmnsport ed through the sem - pernmeabl e coPCUSR04/014368

into body circulation to treat a disease. REFERENCE

MBER 100 Intervertebral dis 08 : :
12 3%“65‘5?&&“} ayers 25 101 Needlcle630109ﬂf3¥féuﬁggr?m%gldgg\% n
122 ®raidReniigildaéeMonofi |l ament 1413 TKeear 112 Bl ood
vessel s 104 Lunen or channel of conduit 113 Ti ssue

123 dipipglicenl f | ange 105 Endpl at e 1684 A¥etogipn @eTB&i nat i on

106 aline cartilage 115 iphysis. 107 Capillaries
124 ?fémﬁecr?%%ti on marker 5 WD 20Y4/ 1@1%?%
125 Pl#eUS2004/ 014368 121 Neur of orgamenidgfiflechhensue

ingrow h indentation 122 Braided nulti -filanent 161
126 KPwduit23 Spinal cord 162 Protrif onPwes piusgle 124

Par gus .condui t. 163 Coating 5 1 Tuhe 184 .| npi ngenent
127 1@6"%&6‘?&%@5‘5%0% muscl e @7 éQré'Frr%%ti c cutter or
128 |¥sQtusififpddgs ve root 128 Nucl eygs pub@ssrios 1ddtudinal ligament

Posterior longitudinal Iiganent 129 Facet joint 121

129 Néagegibortanen 10 130 Handl e of B2 veNgwefiiramen 7 Screw
try 131 Guide . rail of curve dl g handle 220 Rigid
130 gﬁ%@%"&’“ﬁ%@?ﬂ 132 Handl e of"7i gﬁ(éfeglleél e 224
131 Ruiak Mifofdnvd hagle hdlel 91 d sl 2rye Rayidkieeva3dt deediat or
134 El ectronic cutting device 268 Lunen of rigid

132 sHamlleof igidsB8veEl ectric cord 2B% LuBescta® rigid needle
133 lf‘r%cl?%ﬁi&ﬁs e7ege m{] é)w of rigi d2§d €€ Hitator

Yt

134  Electronic cutting device 268 Lumen of rigid sleeve

135  Electric cord 269  Lumen of rigid needle

140  Sacrum 270  Window of rigid sleeve

142  Superior articular process 271  Shape memory extension

143  Inferior articular process 272  Ramp in lumen of rigid needle
153  Label indicating curved direction 276  Syringe

159  Vertebral body . 277 Donor cells

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts a healthy disc 100 with normal swelling pressure within the nucleus
pulposué 128 to support the layers of annulus during compressive loading.

Figure 2 shows a longitudinal view of a spine segment, displaying outward bulging of
annular layers during compression of a healthy disc 100 between cartilaginous 106 endplates
105.

Figure 3 shows that the calcified layers 108 of the endplates 105 hinder diffusion of
nutrients between the inner disc 100 and the vertebral bodies 159, leading to inward bulging
and annular delamination 114.

Figure 4 depicts a degenerated and flattened disc with reduced swelling pressure within

the nucleus pulposus 128 and annular delamination.
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142 Superior articular process 271 Shape nenory
extension 143 Inferior articular process 272 Ranp in
wo eovenowis ri gid needle 153 Label indicating cRCT/ES2004/014368
direction 276 Syringe 20 159 Vertebral body 277 Donor
cells BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
Fig\Re b depich thRat 10Windirfien H0 the dist T0W Wilg tB¥BLididYechnique similar
pressure wi thin the nucl eus pul posus 128 to suppor
to thattused irediscographyannul us during conpressive | oadi ng.
2 shows a.l nal view o spi ne segnent,
Fl%‘ffg&s&} ﬁﬁlssﬁ?mfa%ﬂﬁﬁ°§?g‘b0‘6ef%“%%3@r | ayers during
FigROR RpRiANitRfraRaNFahd Bcad 1 65 i@@d@ﬁéﬁmﬁs as 2 passage lea,dmo
cartilaginous 106 endplates 105. Figure 3 shows t
into theldéscd@ci f | ed | ayers 108 of the endpl ates 105 hi nder

di ffusi on trjents en the i.nner disc 100 and
Fige 358pven 9.{} g!eet%lewé q«fe%e?%w? gpipglsseren) wgemon of the.
dilato ~annul ar del am nation 114. 50 Figure 4 depicts a
egenerated and flattened disc with reduced swelling
Figure 9slepietsvint dlasticallyhenrvedoheedle 19dl posus 128 and annul ar
del am pation. 6 WO 2004/101015 PCT/ US2Q04/ 014368
Figyrg \p éhew@s.e&sgc peesile 0T beang resilieptly sirgightgnaduithip g aigid sleeve
220 100 using the guiding technique simlar to that used
“in discography. Figure 6 shows insertion of a dilator

Figa® 10\¢B6ws § eoulnd@eas-séfiibn dfithnieddlé Tpiithia thé tigid sReed 220,
of the trocar 103. The dilator 230 acts as a passage

Figara d2 dgpict inseridon efetheirestlientp strgighfanesd meedledfd veithin the rigid

Vv th ted spinal segnent
sIeevqﬁﬁnﬁo#g% 5@?‘8&5@%?;‘8% mS? ﬂ’e?qg 0. Figure 9 depicts
Fléﬁi'e 95 3R6WE A1 dngitedinY AR Ve Heted @b 10T aHd sRVD2FNHRYEMBIY Shserted
el astic needl e 101 being resiliently strai ghtened

into thei dilatan 230 déading istodtbe disc 100.220. Fi gure 11 shovvs a round

F lg‘lgrgjgééglggu%%@? g negg(gl %10 | F CS]F Hl%gq(lS (not shown)
by de;glﬁ;zﬂem% g@ﬁ%m?ﬁ%ﬁx meﬂéﬂ‘ﬁe&ﬁ@ﬂbfﬁaﬂlth% | dedvB2201 91 d

the dilator 230 leading into the disc
Fig@® .15 shows endplate 105 puncturing through the calcified layers 108 by deploying the

curved needle 101 from the rigid sleeve 220.

Figure 16 depicts permeation of water, nutrients and metabolites through the puncture
sites 224 of the superior and inferior endplates 105.

Figure 17 depicts re-establishment of swelling pressure by the renewed biosynthesis of
glycosaminoglycan within the nucleus pulposus 128.

Figure 18 depicts an electronic device 134 empowering a cutter 127 to puncture, drill,
abrade or cauterize through the calcified endplate 105.

Figure 19 depicts a conduit 126 in the form of an elastic tube 125 with tissue-holding
flanges 113 and longitudinal opening 104.

Figure 20 shows insertion of the elastic tube 125 onto the elastically curved needle 101
with a sliding plunger 109 abutting the tube 128§.

Figure 21 depicts the needle 101 carrying the elastic tube 125 being resiliently
straightened within the rigid sleeve 220.
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Fi gure 13 shows a | ongitudinal view of the needle 101
and sl eeve 220 assenbly inserted 15 into the dilator

wWQ3d4hemas ng into the disc 100. Figure 14 depi B€BHUS2004/014368
upward puncturing of the needle 101 into the endpl ate
105 (not shown) by deploying the resiliently

Figatd 2 GRGRIRGHRGESH Be AlHI 10T labE: fub8it 95 SHRQY 226 48 plunger 109
i gure 15 shows endpl ate 105 puncturi ng t hrough the

into the dilatof 230d | ayers 108 by depl oying the curved needle

SEENTETIURPRE T T X
calciﬁééd;lg%#}lil@gtok*?%senaf&]l’afesmgm of the superior and inferior

ates gure 17 depicts re-establishnent of

Figined4 shogvsprigiabaws diyhd ivediecidd wetdlediodding tHeqslinsgen LG9 stationary to
. gl ycosani nogl ycan wi thin the nucl eus pul posus 128.
dislodgr e fube 135 diasr theqregdledPlct roni ¢ devi ce 134 enpoweri ng

. 7 i .
Pl A L b B A s s
128 anﬂQhéj@? g)gﬁﬁ)rﬁdd@m@& intithir2fhe icPanid) &eftebrad idy 459 €¢h@shown) through

t ube with tissue-holding flanges 113 and
the endplatgil 93 (Hlseamotshewitlag 104. Figure 20 shows insertion of

.th | ti t.ub 25 {p t ' | | 1
A A Sl ok R S By s
132 ofttﬂ@ﬁgﬂ%ﬁevg D (rictiofd rotatidRetidentthendtaRail 08 aHdkleeae 220.n9

he el astic tube 125 being resiliently straightened .
Fignir¢ 7 depi¢te ahandld 130 o6 the ckatically anoyedosadied0d.1eontaining guide rails
PCT/ US20Q4/ 014 Ei qure .22 sho i nsertion of the
131 andean frigntpen 88? ing‘bSbP%b@e fdygction ot e CHVHUIL, | 1| unger
ih2928 Liv trRs #33 8h haddl0 137 bt SighBsIBARI 220Swith orientation line
Fl%'ggﬁoyrrent ofsthe needl e 101 deli vgg(?i ng the tube 125
153 aridpenaghtionearkeraid6f i ed | ayer 108 of the endpl ate 105.

5 Fi 24 sh i t.hd f d| il e.
Fitfige a0 Hepieh TR e Fals 3 b P Gk & B restion
behve%xi‘@n@n%@cﬁe@?fggﬁ%@@ts%@\%’h 101. Figure 25 shows the

ower por e tube 125 di sl odged within the
Figte Be vsowlep@nption dfABe auntatufteastthelpstidallp oudred headbel101 is
W thin the cranial_ vertebral body 159 (not shown)
deployet femy the rigidsleeigdk e 105 (al so not shown). 10 Figure

FI%I%F 32%!‘1(?]\%82 %\fsa% ng%géfg%t@ﬁ? ﬁf leg ﬁgéndger gﬁlpg:ldeth(]: %%icf)gleé\)a 920 to prevent

rotation between the needle 101 and sleeve 220.

Figure 32 indicates square cross-sections of the needle 101 within the sleeve 220.

Figure 33 depicts rectangular cross-sections of the needle 101 within the sleeve 220.

Figure 34 shows triangular cross-sections of the needle 101 within the sleeve 220.

Figure 35 depicts a conduit 126 made as a small tube 125 with a longitudinal channel 104.

Figure 36 indicates a conduit 126 made as a braided tube 125 with a longitudinal channel
104.

Figure 37 shows a conduit 126 made with porous material in a tubular form 125.

Figure 38 depicts a conduit 126 made as a braided suture 122 or braided thread 122.

Figure 39 indicates a conduit 126 made with a flexible porous or spongy fiber 124.
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132 of the rigid sleeve 220 to avoid rotation between

the needl e 101 and sl eeve 220. Figure 27 depicts a
whamdhe0180 of the elastically curved needl e 1BAT/US2004/014368

containing guide rails 131 and an orientation |ine

153 to show the direction of the curvature. Figure 28
Figike46 shdvaltk&onlidit 126 abuttiag dbfinst 3phadget 189 Withinth Iuh@a\269 of an
220 with orientation line 15 153 and penetration

elastically waved needle Mlgure 29 depicts the assembly with the

.rail 31 int racks. 133 to..avoid r td.pn. he
P i s Horel B At S S8 R Aol w220 o
minimiAweRéA Qi depltSmtent ¥t itfevabofithe cavadhé<aad 104. cur ved
needl e 101 is "deployed fromthe rigid sleeve 220. 20
Figrirg 42 depitts $hoslastioally curvedsecdbctGlomith Bfe cohduih E¥baing gesiliently

..,and the.rigid sleeye 220 to prevent rotation between
S“mg}{t?f@dﬁ@gﬂ?%%ﬁﬁilﬁ%eﬁﬁ&gpeeve 220. Figure 32 indicates

Fi%ﬂé’ A8 S ASInS e HMbe HselBB QeeHhie Milnblifeion, it 126,
eeve 220. Figure 33 depicCts rectangul ar
plungerrif9 and sletvedl2f info 4 ditatore23@l e 101 within the sl eeve

.220.  Figure_ 34 sho triangul gr ss-sectiqn f e
Figige df shaww daployent phibe oy Beedlp 10h thp: _ %cas%&aﬁpéﬂgw 105.
Fifg 39 Ao qeeare SR 5 ) s e 101w

holdingahélpluhgctA09 sRadenag. a brai ded tube 125 with a
Ionaltudinal channel 104. Figure 37 shows a conduj

Fige J6lapictninserism ol dae pradis 105 Soniui W2onibagcrigh gnd siseve 220

i au 38..depd | 6 made as a brai ded
assem_gb’gﬂ{":"hig‘ig%r Wit iR 4865, 5 gure 39
Fibi8 49 3hess depteymstisk bf hdGuiRdecedlt N0R tHrbept tht ealpiledwadsiate 105.

'spoggy fiber 124. 8 WO 2004/ 101015 PCT/ US2004/ 014368 |
Figirg ¥ depiotsshithdsaveal of thineedie 401 avhilerthe pluager 199¢is held stationary to

aisodB H5dEaplipd hicieh s giPB% SPaBR vevel 102 af (e

Fi%%lxﬁt@!shﬁﬂﬂa Bbrifoh O tiéRIF® 826 (WithREhE nEéBuShRFNEs 220 addthe

imze friction during deploynent and retrieval of
remaiting podionedthie éel vertebd] badyrthypugh thiendplsitecnot shipavn).

Fi 90 Paeispa sorgsaobay A Siralimen 2D Rt Hemea Wcey e
F i%%g 51 FhGWs &e;ﬁ(?ﬂl&ﬁ’ BF A& Sorl S 126 Alowh dub&ricSHa meiiiglb calcified

ntaining t needl e 101, conduit 6,  plunger
endplategil@3.eeve 220 into a dilator 230.

Figure 52 indicates disc 100 height restoration from regained swelling pressure within the
nucleus pulposus 128 following the re-establishment of nutrient and waste exchange.

Figure 53 depicts two conduits 126 extending from the nucleus pulposus 128 into superior
and inferior vertebral bodies 159 through the calcified endplates 105 (not shown).

Figure 54 depicts twisting of the curved needle 101 within the rigid sleeve 220 during
endplate 105 puncturing. The cross-section is shown in Figure 62.

Figure 55 shows the cross-sectional view of Figure 61. The elastic needle 101 twists or
rotates within the rigid sleeve 220.

Figure 56 depicts prevention of twisting by using a needle 101 and sleeve 220 with

elliptical cross-sections.
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Fi gure 44 shows depl oynent of the curved needle 101

through the calcified endplate 105. 10 Figure 45
waelepitao®izi sl odgenment of the conduit 126 by w PETIUS2A041014368

the needle 101 while holding the plunger 109

stationary. Figure 46 depicts insertion of the needle
Fightod 57 S0V érods?ctipiall Rizer of tBO cliiptical Ineedie 18 Withirsthe eltipyical

Into the dilator 230 |eading into disc 100. Figure 47

sleeve QB@,\/@pu&d mﬁr@nﬁ 63 totl et tqwt;f@é}l meEpent 01 t hr ough the

| fi |
Figif f mer SO R S Rpesionp idelic Tor SR ek Fe 220, |
Fl@ﬁ 89 fliddatANAkNal a%@és%@@mddm&@éaaw 101124 sldevenzh

e calcified endplate 105. Figure 49 shows a portion

Figiire 60 endiaabeiii manmanmssfsncuqneofﬁb@n@db Wil andsslesva 280.and
t h the b
Fid 6L 5e Do P bleS Pt Diuee l 1 B b ane 105

uncidriy@. conduits 126 within the Iuman 269 of the needle
P 10T. 20 Figure 51 shows depl oynent of two conduits 126

Figure 62 glmmm mampnneéanﬂ omtireed the rigid micflle20 prorddingtsapport beneath
ot o i A D
{e BS %1 ﬁaﬁ e&\%é%léea'\%lx C éar{r%'lgoeff tﬁ?:ﬁéfdﬁﬂe%le%lg 'iggg(} lé:tﬂ en the support

beneat!théicbItv&x 1id6 of tevuivedmetbdle D1 daring ehdpleste pos pumm.mnpg 8
into superior 25 and inferior vertebral

odi
Flglme 6t ghowsie vindopy 2 T0npaphgslisialend phs slerys %lh\y%{)ﬁ)am elliptial cross-
{
SGCUOW ?ﬁ? ﬁlsfflﬁ ggr?filBg I%gﬁlsel Vﬁg\ﬁ/(é\!v 228 ?J lmgd Sluglérf%(g] tg t%gﬁji}fgg 19the curved
needlePgict uri ng. The cross-section |s shovvn in Figure 62.
Fi gure 55 shows the cross-sectional view of Flgure 61.

Figure 66 [dgpicisdheshagp tip obtherelastieallysrved negdle 4 04lqaated anithe concave

220.. 30 Figu eventl on of
side of Y el RS I s mombidh thfongd B RMEREANTI50 T
Figlrk 6BIsh6ws s ﬁ%‘fﬂ%oh@&@md@ ol 2884 heddld P01 by the distal pocket
CT/ USZOO4/ 368 Fi gure 57 shows a cross-sectional

of the window 27¢ tuestelngihpn thealeedled i ¢o paictue ehdplate HOS.
elliptjcal sl epi ct.e igure 63, to
F‘WFnG? SPOYS 2] ﬁ"&ééﬁ@ﬂﬂl ﬁ?(é ggtl’:l %gl cates a
Fi %@Qiegfg the SRSidaff ciived H@ecﬂ’ceﬁﬁ Rithidl @pebdSIhe &e%@y

I gure dicates” a rectangul ar cross-section of the
extensi@e2Te Béth canedd skally 20201 exténsiong2iflearé Boused iwithires rigid sleeve
220 triangul ar cross-section of the needle 101 and sl eeve

- 220.

Figure 69 shows resilient straightening of the shape memory extension 271 within the

rigid sleeve 220.

Figure 70 shows endplate 105 puncturing by the fortified curved needle 101 without
increasing the size of the endplate 105 puncture.

Figure 71 shows a sharpened shape memory extension 271 to support endplate 105
puncturing.

Figure 72 shows a longitudinal cross section of a curved needle 101 with non-uniform
outer diameter, supported by a ramp 272 within the lumen 268 of the rigid needle 220.

10
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Fi gure 61 depicts bending or drooping of the curved

needl e 101 during endplate 105 puncturing. Figure 62
wabawgomishar pened end or tip of the rigid neePdBUSRD04/014368

provi di ng support beneath the convex side of the

curved needl e 101 to reduce bending or drooping during
Fifit0 78 depioe a cohluit 1 26/éshtdding@phuitisfilamesixt22ndesbrthigitzagubular 125
~end of the rigid needle 220 to | engthen the support

sectiolheneat h t he convex side of the curved needle 101

.duri endpl at e .105 TLLE ]l 4

Fig R ShSER hALT R 2 e PO R BOBHR Fprevems

minerflization bﬁﬁbﬁiﬁ@?@s?eci&l%ﬁérb@m théRadsibetiab. portion of the
wi ndow 270 i S slanted or sloped to conformto the

Figure 78 depintsedhendiiamentsl 1Bivgthin thesneldfilament 172 te @ssig deplgyment.

.of e elastic ur v e 101 ated on the
Figr 28 uSn e bl oS GRRERE PuPiis bR SrEe G mhlFglgment
122 tol e RMT Burd it Ai}ﬂ%\/& 09mefi GothShSQurdPMsedrumor t of the
g%nvex sideg%g t eegurvgd needl e 101 by the distal o
Figwoe K@ shows the meedie 10D vargyiog the conduihithemsyense thealdenct@ing disc
to puncture endplate 105. Figure 67 shows a rigid
100. needle 220 with the window 270. 20 Figure 68 depicts
i 485! infclih “ngﬁﬁi ko Wbfiir f Y8
H gggd trcr%%?bh%lxten%?%n 71%&‘§ot hocurverd C%Ielg%il e 102:1lnsversea
degenaatingdise®88.0n 271 are housed within a rigid sleeve
220. Figure 69 shows resiljent st

Figha e defebrys v erdle Ol heaing it usgeg AT stationary to
deplof ginlpading KbGAP1 AT iin FO ReBhTackipaRL S0 101 1O DY T

Figire 80 Aepichairewihg] cftnatricafs oo teuduter annglus éntd theshebens pulposus

shar pened shape nmenory extension 271 to support
128 thserehl capdlano®:tiopgn coniectien flpwavithin the condii 136, _
Fig ) depishi rbisPaine flpefe el BAARFEs &y ddhellib ot o

indicafc/the M datibn of 1he coHdEN APRithih thd'geddicdiol. needl e 220. 10
WO 2004/ 101015 PCT/ US2004/ 014368 Fiqure 73 depicts a

Figana$0ishows eve opndaits 12 inseried throughithedise 100D exehanggputrients and
Wa“eﬁ’g% %gwqb‘l):fh%‘{ﬂ“}lz aaﬁ ﬁg Ig\l%}eﬂgigg]%rﬁ%g 8? Egv\?n 3- portion

FikreR3&)piets the distal tip of the needle 101 penetrating beyond the intervertebral disc
100.

Figure 84 shows the length of the conduit 126 extending beyond the disc 100 to maximize

exchange of nutrients and waste.

Figure 85 depicts restoration of swelling pressure within the nucleus pulposus 128
enabling it to sustain compressive loading.

Figure 86 shows a conduit 126 extending into the Psoas major muscle 193 for nutrient and
waste exchange to nourish and/or regenerate the disc 100.

Figure 87 depicts two conduits 126 extending into both Psoas major muscles 193 to
expedite nutrient and waste exchange to nourish and/or regenerate the disc 100.

Figure 88 depicts a series of knots 161 tied on a multi-filament 122 to prevent or minimize

conduit 126 migration with time.

11
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m neralization or clotting, especially around the

endpl ate 105. 5 Figure 75 depicts a nonofilanment 110
wowrahiteiothe nulti-filament 1 22 to assi st depl PYIESL004/014368

Figure 76 shows degradabl e tubes (shaded) 125 covering

both ends of a multi-filanment 122 to prevent bunching

Figli#é 80 ShAGPHERRR orpréiflsidig ofi Whie/@mdiR a6 €o pfétentfor @rhienize
7 shows the needl glOl carrying the cond%it 126

migrauéorawi;hﬁme t he degenerating disc 100. 10 Figure 78
.depi.cts a Jqngi tudinal view of. Fiqure 84 t eliver.a .
Figh o tndeataltD o proninud e bRy i priord gt O miimize
conduﬁg?g?ﬁgé‘?ﬁgwqﬁe'wthdravval of the needle 101 while

pl'unger 109 stationary to deploy or
Figlirs D0 dyewd tndection dfidondr 26l THhroughe spagesnEniogdids 880

contaigigg epni g dbroHEbCRHE! fLFROE BUPBIILS 1S 108
Filll 98 SoiRhectiBh b B6hd AOITHARNES 5 ffingc 216 #d Dflc 1 with
conduits 1DRgaeivEse daalis Lol extentding inleadtselckd®3t 0 i ndicate

the | ocation of the conduit 126 w thi en |l e 101.
H o o SRR AED MEst SOy o s E BN g e
SIS O RS54 088, e eSS i
effort 3 mo®NoGE-Ssthbigshdivttielt ahd rastt ek¢tangebetiveed the nucleus pulposus and

. _penetrating beyond the intervertebral disc_ 100.,
circulgtioguwighin shesyestebral hedy. cFwided by antaropesipier and fatgral views from

t endi,ng._b t he dj. i .
T R e R L T
showSMEik0 3. MESSHARgWedhRidue i gmildeioats ofdhised Sk diagasticafjection of

_enabling it to sustain conpressive | oading. Figure 86
radiopauevdyesfor disdegraphyoe chymepatiaiinjegtion {rauplens pulpasusdigestion. A

. le 193.for nuirie and, waste. exc [
aitatof 55 Pt e AP rpiE T 2 St T FigleCe S DGl Y o
withdfRRH UHeSithid? 280 k&haihg §s 4 ?as@agéqééah@mmm’iwmymha&n in

193 to expedite nutrient and waste exchange to
FigureduFigate $isliyvorthe digtah endiobthe ddator 230 nGo theamicikiug pukpogs 128 of the

d dl%%i ct.s 36eries of knots 161 tied on a nmulti-fil anent
cgengpbing disgA0ent or nininize conduit 126 mgration with

Ah bﬁ?ﬁcaﬁ} WiRed 2041 94 1 skt irﬁ%@%/ ) iA3G8ently straightened in a rigid

sleeve 220 indicated in Figure 10. The round cross section of the straightened needle 101 and

sleeve 220 is shown in Figure 11. The resiliently straightened needle 101 within the rigid
sleeve 220 is inserted into the dilator 230 and the disc 100, as shown in Figure 12. A
longitudinal view of the needle 101 insertion into the degenerating disc 100 is indicated in
Figure 13. The elastically curved needle 101 is deployed by holding the rigid sleeve 220
stationary while pushing the needle 101 inward. The needle 101 resumes the curved
configuration as it exits the distal opening of the sleeve 220, puncturing upward as shown in
Figure 14, through the cartilage 106 and calcified layers 108 into the vertebral body 159, as
indicated in Figure 15.

Multiple endplate 105 punctures 224 can be accomplished to re-establish the exchange of
nutrients and waste between the disc 100 and bodily circulation. After retrieving the

12
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Fi gure 89 shows rings 162 or protrusions on the
conduit 126 to prevent or mnimze mgration with

wao eve/10l1Hur e 90 shows i ndentati ons 160 to pr oP@L/ES2004/014368
tissue ingrowmh and prevent or mnimze conduit 126
mgration with tinme. 5 Figure 91 shows injection of

clasticdR @lirve@ héi12101 foly MU glRede 220, ROBsehdBly bihEedle 0Bl Eve 220
cont ai ning conduits 126 through crani al and caudal

can besfurthérrdvancedsnto for glighslyoritldraws fiion} e dissri 08fto gumeswre more holes
224 b eeloibed Gl Gadibe 1S, By Sumedndpeabbaniaenye ot and
sleeve 2200 S0 Shd @a%f%l%dg@%rﬂ%@ alloHePuRdiukdd, 45shb in Fi%g 16, to re-

EMBCDI VENTS ce diffusion fromthe endplate
establish ther eichagefof mutrizntst exygengnd mastetironglethe sbperior dind aferior
ef f i.s made t.o re-establish trient and_ waste
endplgissHis, géégﬁétlmc%t?ﬁemﬁtﬂ@t@aé&ﬁw%ﬁg RECSSIR it thgingelent
g - ! X ¢ .
puipol 2B Sphlife {5 UED 100 101kn CHLFESLRNOAL: RVERIN fifigate of
oxyge@ Rithis tHealscerGi0ppwidactida of lactie deidapmyralde Heareask mhd eadeehemical
.. disc 100, as shown in Figure 5. This guiding
irritatiop@RAPAaile is similar to the one used in diagnostic
15 r
A RAE OBl hE RLTRLE AL Oty G50 BB se s asa
laser, futtiflz bablrading devite. | Pigrel Edepitts ar électionicdovideO34 mevering a cutter
shown in Figure 6. The trocar, 103 is then _w t hdrawn.

127 torpumctiing. £kridks abrade preqpuionize tie endplatosHipdtore-gefablishi the exehamge of

. dj 100 J Fi 7. . Fi h a4 h
e 5543, R e SRS
R@-Hit@lﬂfsﬁﬁl[g]tﬁ@eﬁhaﬁé&ﬂﬁﬂ%ﬁ #ld Waktelihssugh e caéifiéd endplate 105 can

el astically curved needle 101, as shown in Figure 9,
also besiceapplishedhusing 8 conxdugik26n Sdconduit 126 ghnibe an elastec trbe 125 with a

oA HTIALI B Bl e TS BB EF B Bl
The o\%bt fiShskoFthe keS8 $13 Io%Qtteh%t Bdth 2h@ b ARe orimadng a%@éounter

Inthe rigid sleeve 220 is inserted into the
grippitii t@tumho? Qo dincertdpatcl1 8%  TiROubad2Sisdnserted oFérghe eladtivallpcurved

necte St g i npone oo K M fhoierde 1
o QBT 8 28 S BApS el B SR 22, g

in Figule2 1N eBl Bsckblly ofi iy sthaightened aedile101) tubed23reseve! 220 and plunger
curved confi?uration as it exits _the dist

ocic 22
109 isginseried igtodae @023 0 an oy i IBSRAS AT Be Aist 100, As the
resiliqal Bl e A coYHR pgSiB 3L UAIGHS SH Bt Sebu 28 the purvature
of thel dtefie 101 eshines afd Phddtinps thredthétAcitied endpist 108 sas3Bwn in

can be acconplished to re-establish the exchange of
Figure 23. The needle 101 is withdrawn while the plunger 109 is held stationary to dislodge

the tube 125 from the needle 101 into the endplate 105, as shown in Figure 24. The lumen
104 of the tube 125 acts as a passage for exchanging nutrients, gases and waste between the
vertebral body 159 and the inner disc 100. A portion of the tube 125 is in the nucleus
pulposus 128 or inner disc 100, while the remaining portion is within the vertebral body (not
shown) in Figure 25.
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nutrients and waste between the disc 100 and bodily
circulation. After retrieving the 12 WD 2004/ 101015

weERONAWEd04/ 014368 el astically curved needl e ROWUBIW0014368
the sl eeve 220, the assenbly of needle 101 and sl eeve
220 can be further advanced into or slightly

ThaiHahdled B0 oF fiRBuived mdedle 100and thefhandleunse offdiearidid slesve 229 are
224 through the calcified cranial endplate 105,

used to gaintaiy the direction obneedls 1Hedaplayment. Eheisqusredapdl ezlz% of the

t
curved e 1 3560 SRR Fp BBl SRR v i
26, to BVSitir6@tion bXEEheHRE11¥AB] Bnd SIEQLIEO! Mhe HARGE 180 081l needle
inferior endplates 105. Figure 17 indicates

101 canedsmeantdio gudk railecldij ashorads Figrer7.hThe gride pails| 186 gre sized and

configBsgbip gt ariyen femmakenirck: hbobfsdants 137 T Rydud sepredap o

mdlcaw?ﬁnqjléﬁe 390 Dll{é&mth@ Recdie’ é Sevhitreis inticmyd By &R onentatlon lines
decreaSe and ease chemcal irritation and pain.

153 oxEthérﬂaadke m&fﬂwmdﬂmlﬂ@ asahowhso F@uea%@nfbbnélﬁemlgldyﬂeeve 220 as

Ao W b el 1
labeleq%ﬁ'ﬂé esl(]:égv% mv‘fsrslhggm ?‘}Qiﬁceﬁ at h %&Qe BHIIqBY Rﬁﬂmgfﬂelt}acks 133

or cauterlze e end 05 to re-estab
keep thBhamde 1300232 fronfmtatmg Iar(ﬁmé rachethére as élﬂwvnah&hgure ﬁ}).c As the
device 134 can be a cautery, laser, or dri

resilieptly é@@lﬁbﬂep%ilfﬁéletm agdyaneshged BOUHles o e ré%}é slggug 220, the

curvaé‘u(x: conp %gdiﬁis%n%&lgsdggﬂgﬁ%ﬁ%éﬂ ggﬁc on(ﬂlj ?l?alf\%gl can (gthe

needl@mﬁéxﬂisﬂlb Gahd1® 32 Sbthwislebve22d arsgtided be idanais 13D tadaells 133, the
tissue-holding flanges 113 at both ends, as shown in
dlrectmrngmedlg 10% punaswing s gstpblished and prediciableyfos theiaperaterarayreeon.

t.h ds of t h d
N oAU brieRt e SR died 03580 ek SRR 220 5o bl Bt
rotatld)rp & 1038vs hhBedit 201 hisPA bi¥ever2084ith m@i@s.&ébhoan Figure 32
abutting a sliding plunger 109, as shown in Figure 20.

indicaf¢sen symexd qossestctm Fagury BA glepiats aseeienguanarpss-seotior. Figure 34

Ll str htened within the rigid sleeve 220,
show. %gﬁﬂﬁﬁ@f SS? gure 21. The assenbly of the

Colduik a6 %Hl? HsHBeHla8e 1AM chdllRf td &P m&m& eudaPoflE elastically
plunger 109 is inserted into the dilator 230, as
curved needle iL01.FAgonduiP P26 canceiasnanlk tube 125 with@dongiudittaé channel 104, as

res% N entSPEeedI e Oéfg%%ﬁ%éx' n theﬂ}ﬁb%t% gg]lﬂgqfﬂlg% o‘.xexiihe
tubulﬁecgﬂ{iﬁt i'%gilﬁsdqﬁﬁgxh POU cRPUROIrHIES of RERRERvilBlafRh&! £§1%1‘%m in

, as own 1 n 25 Figure 23. The need

Figuré 36 \MI‘hEl fAoiivan e ittaasgonted thironglethe 16if8en $0had welb asapemnamegl through
to dislod

the tube 125 fromth needle in
the biailg araentoof the gobrigan Ton A cengut 13 e it aldad g
extru n%iﬁ?l&%? ro?lg gr é;gﬁ%te%a?{%g% ﬁ%lg?%?b%a{ﬁgpoﬁ nutrients, oxygen

was
and waste dlssolved in ﬂmd through the lumen 104 as well as through the pores.

Nutrients, oxygen, lactate, metabolites, carbon dioxide and waste can also be transported
in fluid through capillary action of multi-filaments or braided filaments 122, as shown in
Figure 38. A conduit 126 may not require the longitudinal lumen 104 as mentioned. A strand

of braided filaments 122 can be a suture with channels formed among weavings of the
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vertebral body 159 and the inner disc 100. A portion
of the tube 125 is in the nucl eus pul posus 128 or
WO pvenodisc 100, while the renmining portion i BCIMUS10041014368
the vertebral body (not 30 shown) in Figure 25. 13 WO
2004/ 101015 PCT/ US2004/ 014368 The handl e 130 of the
filamefiy) 04pab18 8L HhfspbitingeMid Wil duafals gdsts and wakte. Thebrhided filaments
sl eeve 229 aré used to maintain the direction of
122 can be dbaed withcestiffepingragentTsush 8 siarch. oaid deplogpentrusingdhe plunger

109. Sipge o Semae domisy 86 RieH Hianphe 172 ¥y Sl as o
spongy ﬂ’ﬁ%lhilgﬁ &eghwrinqvkgeu@w;%& a1k fraadpdrioiae vathAafrentd) @ases and

handl e 130 of the needl e 5 101 can al so contain gui de
wastesrthiough fiIporesarsiubamndlnforngd withixrthe paroug siraetureai | s 131
are si d and configured.to fit w in the . sunken
A Gangut 438 saertadinto e Brapisd opgring 269 b 1SN Shyep needle
ine! 416 | 3 shi Fidtre 40. "B hoifimiRd frici6n BaSRbeihe d
101ab?1§hrn aﬁ?ﬁ%gﬂ?’n%isgg?gg@b tehe orientation Iirrlles 153 etrve
needledi81tané tivarigidelct80220, thddistband of thomen 68nditine sleeve 220 is
ldg ure and on the rigjd sleeve.220 as ., shown i
angledmr

27, N
beith abeyelf02 o an elsigtion. GoRzmingq the eopepyfcurvature of
| k . Op
the ne@fi8 a1, B DIV PRuEY1CH fibhilln odkthel B MG iBHort & also be

sifown in Figure gui de ral

applie&&fb%l lﬂ'the_rbdrfaee bf mg ktasﬁia’ﬂytdgﬁ&ﬁ neédie E&h dhdfsr \?éﬁﬁm théaglgiangsﬁs of the
rotating around each other, as shown in Figur :
rigid sl 220oThq ettioplls evrapdpecalecti ramaing tho gondhidasds resfigntly

. .protorudes from.the J.0gl d . t :
swig R 0GR 8 PG AL TR | 16 sSHENB Ry e

into a B 23W 8 ikl intFagure B866ihich kidds M6l thehitsd100d | A thS Resiliently
of the sleeve 220 are guided by the rails 131 in,

straighteredineedls 301 ihdeployedifrose thesleess 224b dkx reedlpil0) sapyingthgyconduit

i s established and predi.ctable for fhe era
126 regipgu curee cong e g rpogi s i S CosRRERBLE bnfege 105
throughQhe A1Eiflel RiydrsS1 BEYEHOHA i Fioudé 49, PheYiasically ehdtd 88edle 101 is
igure 31 shows a needle 101" and a sleeve 220 with

then retiaveddintisthe skeetd 220 whilgihe phager 109ds baldetationagytadeploy the
conduf 1961 Secelconed erINe105 a5 St teF A ar
Fi%%rg Efg %i%?ﬁ:{s' iﬁ%brtviwgr? ﬂﬁﬂ@ ﬂﬁéecﬁf 108260 265 BluABerT9Cs186RI 220 and

o fl Int umén of the elastically .
dilato£230viaeb the iicel 000 The Aesiliomelyistraighienedmecdle H1amlyingtthdeonduit 126
125 with a | ongi tudi nal channel 104, as s

is deploygd, ﬁ@g@@? sfesve 22, ﬁ?p}&eﬁ thePURYATYE @Rd Q?n‘i%?g g\%‘éﬁl?ghe endplate
s 8 8, 0uh ol e i i e

condufitl 126 T8 REIT statiDnEy OB elasticallyGurved 36edld 181 is witltirawn fioen the

transported through the |unmen 104 as well as perneate
calcifietl codp)ate 295tand resrigyaddatorthe glaever220dp depley: expel oradisio e

condlfltuﬁ%l a% [checc%?cqﬁi:(i enld%?atg .%B, %ls g’l?ovspne inqpllg!grg%SP "The conduit 126 acts as a

channel or a passage, bridging between the bone marrow of the vertebral body 159 and the

disc 100 to re-establish the exchange of fluid, nutrients, gases and wastes. Figure 49 shows
the general location of the conduit 126 between the disc 100 and the vertebral body through
the calcified endplate (both not shown).
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extruded with porous or spongy material, as shown in

Figure 37, to transport nutrients, oxygen and waste
waele@sodwesl in fluid through the lumen 104 as wedT/USX04/014368

t hrough the pores. Nutrients, oxygen, |actate,

nmet abol i tes, carbon di oxi de and waste can al so be
MultiplSaidhRe126 snfBelbsliddih SR itefhé tdved AseldieC1D19hs shown in

mul'ti-filaments or braided filanents 122, as shown in

Figurg80. FEaghreondsit 126 isolenloved scpentiallyabthercelgifiedeendplate 105 by
rtsicyjfg gt eari a0 15 el HoBRE 109 e AT In fspre, e
plungbOf096€ A drBE1 100aYd (3 isl bl of d nd€a12A0#0A0 d0dRiit-length at a time.

PCT/ US2004/ 014368 fil anments, capable of transporting.
After fleployingihetfiratutoniden 126 atthe esniah dndpdaie 405, The rigidesletord 220 is rotated

o fi ts 122 can. coated w,th g stiffeni agent
180 @@sﬁl@_@wﬁ? eonﬁuﬂg-?ﬁ it &reo%ﬁ}éﬂtengglﬁﬁgw?h%s %%m&a Figure 51.
. . r . -
v Ryn 2 S ERERV 8 L, B mpin
multipi2 éondisits shrough éaicified endpl@s 105awitlahg hating i pathtiraft the deedle 101

with nutrjents, gases_and 5 wastes through the pore
assembly ot Adsitionebparaits A 2 Tergsosoine ASSRBIN inia,fhe disg 100.

ot S b . - .
SR R L 0 P B8 e
absorbing Bfyebsabtifoglfcans ik the nutlgus pulpésus TA8.TByibridging the calcified

friction between the curved A needle 101 and the rigid,
endplated8 cthe glycosameneglyeans deanvifleid witlesuliatee axyeen 394 offige nutrients

| 20 s . | ed 1 | . :
throngh R 55adfi 28 inB 26 Fi s RS Ros lThe BT By acton,
and (DfimbibihdFulNEEHE Svaldt labs@bing i Wosdminbpgudrs. Ahe fdw of sulfate,

"'ubricant or coating to |lower friction can also be

oxygeaaudinuttiests is whanngledawithin the condwit 326 nridirestiongily tavard the nucleus
needl e 101 and/.o .t hin the, |l umen 2 of the rigid
pulpogyiePARe bt s e ionecsion ecPBLELBRTE 101 car Fyi ng
1&%&9&&? tabéepieag%at&ﬁg&ﬁid deBBidrationsk mgag téaed 1\hithtibnag and

rigid sfeeve 220, as shown in Figure 4 The assenbl
oxygénsdeffieiency. By ra-esfablishing the elichangsr a x@ewed gnd pusitaisedesiipply of

sulf ezl s A Rrefhisdon SL a LerL A samappeyaps and restore
swell%rg%sits{ﬁ%. ReSBifionct swhiting ?ﬁ%ﬁh@ withdn R u¥led phiPBsus 128 reinstates

126 resumes the Curved configuration and
the tepsitecdinesses wiithiothe leellagentfiblemfiloeannahdpthas ecdiolg thhinneghulging
he cal cified | rs 108, as shown in FEiqgur 4. . The
and shas s oeen hwﬁw@é@m@ il 3 Shovy B e e iRl o
i infh! ﬂé?%ﬁfnph%nieﬁ Ghfhimized, Thus, the load
lnﬂﬂé?g¥$g§§¥§0§§@g§%Fg§h% emﬂion urt 126 a%ﬁtne cgfcifig% e foa
on thefidpl jaines 1295s ale reduead td easépajuy the AmtioAGegmentriestdbilized, and disc
depicts insertion of the needle_ 101, condultl@}Z‘i,
100 spacemgEpWingDmay peass-e Thoprogregsion of spigal steaosts i halted andfprreversed,
ne rasil| Ly strai ghtened needle 101 carrying
as sh einc%;g‘grﬁist%st&fg&rﬁaydepl oyed fromthe sl eeve 220,

Il %}y{aeﬁvﬂibs; sGeH asinalkingaind LG prosafic Withinigle disecl 00 greatly
en ate
increases.pDirection of the convective flow then reverses within the conduit 126, flowing

from high pressure within the disc 100 to low pressure within vertebral bodies 159. The lactic

acid and carbon dioxide dissolved in the fluid within the nucleus pulposus 128 is slowly

16



10

15

20

25

30

105 and calcified |ayers 108, as shown in Figure 47.
Wil e the plunger 109 behind the conduit 126 is held
wae@tilangs y, the el astically curved needl e 101P¢BHUS2004/014368
wi thdrawn fromthe 25 calcified endplate 105 and
retrieved into the sleeve 220 to depl oy, expel or
: ' hh (1 GerRbrdl BEd6 8159, thloHadRY Bfréulation. As
expeﬂ%@%r&%%g%%uﬁgag%%r e 4é—.é ﬁage condui’t 126 agit%é as a
a result, 1O Betic a¢id domeasatiim dderdase agl fid twithém thehdiscidids nemmadized.
of the vertebral body 159 and . the _disc 100,t0 .
Furthermmarasiuc o therabundanke ﬁg@%enm Eaediescrﬁ&ﬁrspax’k@ thgpyeh the conduit

and st i I i
126, IR i HofiRpu RGNS  BBron VondBRAL oy AR Ucfence.
Hence@ﬂié)pahﬁfaﬁb@iv% it heitarinik fisswds, sndpishe podtatidr longitudinal
shown). 15 2004/ 101015 PCT/ US2004/ 014368 Ml tiple .
ligamens AQ5, superiard 43 gnd ferionkf@priisplargrpeesses of e faest doipt, ghovn In

. negdle 101 s sh 1A Fi h i & 1] i
SREPR TS EEEY
or othéli.%s,t Edn®éi 158t e c6ated el ihreeaildis1iPh ta nduthdizd ithglattheacid upon

plunger 109 stationary. In essence, the plunger 109
contact and dpentansdusly ease dhe paandi st al end of the needle 101

T lasioi b e nsgie Rt sfoantol i R 44 Be{d #20 during
endplitk 908 Pﬁh&&eﬁfg, 226hdvin MOtigke34. T8O ket df!fwisﬁﬁ% aReaasek with the

condui't 126 Tnto the caldal endplate 105 as shown in
lengttFofghe elagic neelle! 10l p The twistng isslepréedintargresstseetional view of the

elastically curved n le 101 .al l.Qw sur.geons_t
s sl W S 56 b 2 L SR e o
WA dle 101 duri
of the TR IDD Al 1PV 79 S Mdbiclt 16 a0 SRR PhlIncedle 101 during
contattheitlegeeakifiedientiplate ®95diAsc BOdt, piifctiring bfthe epdplete 105 may fail.

position, disc pressyre is |ow in | ee. fluid i
Telpveif twisting therogiatestonsofdhe B?%&D’gfwgi%"ﬁ 320 fathgmade non-
Ll i | PABYS iflgiag7! he -
oSBT 8 RSB SO 8T, Do s
sectionlisl sikbwid fnlFigutk 581 @ reotangear @osh-swttier isshown émFigure 59. A
t hrough the conduits 126 into the nucl eus pul posus 128

triangylpricrags-seatiop ipip Kigyedpi | | ary action, and (2)

| i hin ul | - ' . ih
St e T ——
calcifidd ridBRteS1055 as shdmmch Falgnte 61 Thé Hiredtiondfithie Heafl or droop is at the

unidirectionally toward the nucl eys. pul posus _ 128,
convexasifieof thi awrvetuee efithe aeesiel 0. cho winimvgs therlraepgthedisal spd of the

AN Ll .th i i on: 4
i Bt Bk RS P S AT o
curvedheb@e 461 ﬁ%ﬁé%@ﬂa‘c& ves ?&ﬁhﬁﬂ@eas how@rig Waghrae. The angled cut of

sust al ned supp of sulfate may significantly

the rigidcsleas 820 Fmctionshsct igid ne¢dle 220 witha shaspdinspporsigefagepnvex side
and restqre 20 svwel li.ng.pressure. Restoration of

of the;Giisved Brgdisr is%?r ORI IR %Fé)‘ir?l éf‘nﬁﬁ? HPOOUMRSTLGTS SY be further

exterld&li By Eﬁ’&lﬁg an indentation near the distal end of the rigid needle 220, as shown in

Figure 63, to increase support of the convex side of the curved needle 101 during endplate 105
puncturing.

To further support the elastically curved needle 101, a window 270 may be located near
the distal end of the rigid sleeve 220 with an oval cross-section, as shown in Figure 64. The
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the tensile stresses within the collagen fibers of the
annul us, thus reducing the inner bulging and shear

W@ R00e86W$5 bet ween the | ayers of annul us, as shP@EFUBI904/014368
Figure 52. Simlar to are- inflated tire, disc 100
bul ging is reduced and nerve inpingement is mninzed.

distal ;—EHQ éfthte REREGRRI70 Rbpeh SlahRA Gt ad gl STASQanhtTad k6 be formed with
reduced to ease pal n, t he noti on segrrent is

multlpiaet aigldsiinedh seanetmulsehkepqc@r@t sirad end gonfignredcforfi fheeoayex side of

the el Qpéﬁg@%& S &g I]rgi\mﬁf g%pglgg%l l?'ubsll ¥ é}g:l)% gﬁﬁtlcaﬂx 2hirved needle

101 8@ thy wﬂf&o‘vy%’{g (ﬁsth%ﬁgﬁrkléé% 98¢ KTROsHRRSHp bf iHeR@rved needle 101 is

pressure wthin the disc 100 greatly 1 ncreases.
locateﬂ)bnelm ¢comoaw sidehef thoaveatuiate alvbidvictapery orenaggiesomibeldisial

it 5 S et A A B e
curvecilgec)e ﬂﬁ fr&%tth&vﬁlg SAHRRRvILRK Fig Qhﬁ&@cﬂl‘éﬁmﬂpocket of

e nuc e S pul posus 128 is
the dls”tﬁ maa(m L0ghotts aHﬂ?le‘a!oﬁa@ arbud ArGihse okihe lchadkxt durcigh to
t he

the conduit 126 into the vertebral
mmmbwbqnyhng, Fesigting ansvor d&ﬁectwnr@hﬂ: ?urv%ﬁg qd@&q]lé?“&eg &ngplate 105

con t L at | 0 | [
punctlm)r eysene Eﬂbe ﬁ%‘é‘?‘ﬁ% Srfion %e o \LBV@ deé/gc}]ege ?f}l%d pocket to
direct @%d S@Sporithé berved ﬁ@edlemm UFHel digtel dnldroduigd vigit sleews220 ¢an be

126, lTactic acid nornallz produced under anaer obi ¢

sharpened ¢o funstien ang rigidasedle 220 withethe sardow 37%@?1 shown migage 7.

aus dICI |ta.t|on tissu
WG & ot ot af ks 1 bR o g Bgplae 105
with d A1 bfledARdRIT01 GHh BE cﬁ’dl}éﬁgi%@eh&éasidgﬁthé §igebf theinbédle 101 and
own In Figure 53, is anticlrpated to quickly

creamig a birgahale 284 bf the endplaig 485 may saude laakape oémmvatpsﬂposus 128 into

r others, can, be I ade oated on t
oevEchORAE A it A D
271 cglﬂ%én‘ 8¢ éﬁr@e@&e&i&eﬂﬂ% SkldeaQo I@&gﬂlen and support

|C|ty o the curved needle 101 still can
the eladtichllyncirbed néedledl 04| assheowdan thnre 68 Tha slpipam!anﬂsﬁﬁ extensmn 271

puncturlng as.shown in Fi e 5 | iike] i hood, of
can b {idsiedpsishews ik Eigurs 68, of éhéf— A epibe ‘Fﬁ‘&?’?‘&needle 101

ot 5T T L T OB oty s i v

or neclER2M NElinte 6D2BowWs rdsiliputly sbaightthimgoif bethithe tlmvsd ne:t@le 101 and
bet ween the shafts of the needI e 101 and sl eeve

shapeah¢noory extansioni2dh avithimiherrigid slegte 220p Bath théUﬁ‘@éd}eef%‘i d91 and

shape i er APy B o Bigid e FE), Xipdiize pientio

bendlﬁg 8 thelr¥id bleB 220N e Gires8s & WidtiMEe®bvdr bﬂm@ﬁb@bﬁ@dsmomng
sl eeve 220 can be made non- round, such as oval in

the h}Foﬁthb @e&dle WD proximalde sheswivatansalf the shaps memogerdersion 21, as

shows b gAtgRIORrodL e LB i TS S b p Byt Qeptoyent and

retrieval of both the needle 101 and shape memory extension 271.

For tissue puncturing, the shape-memory extension 271 is deployed from the rigid sleeve
220, as shown in Figure 68, followed by the curved needle 101 gliding along the curvature of
the shape-memory extension 271 and puncturing into the calcified endplate 105, as shown in
Figure 70. The shape memory extension 271 provides support to the needle 101 to minimize
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triangul ar cross-section is in Figure 60. 20 The
el astic property of the curved needle 101 may bend and
wo 2004/10@1Ppenetrate through the calcified endpPer/ESH0H014368

as shown in Figure 61. The direction of the bend or

droop is at the convex side of the curvature of the
bendid%.ﬁa?xﬁ't@z,is%ig dutifle Phitiifiretwithsit sHce@Ringlthesige 5f @k panctuel The

the rigid sleeve 220 1s cut at an angle, providing an
shape mretrens extension 2 Tipqroralsobesronandentedsingleshatpenerkto facititagaftissue

. .nheedl e 101 duri dpl.at e 105 ) ring, [
picrcing, gD LHe g1 ataHeedhe SRt a2 ial i cpf it lunger
109 behiGhE BORhEC1 5 iS ingiddtRBRAY SwRAOMYclfved nRB@AE RO1 isdetrieved into the

supporting the convex si of the curved needle 101,
shape afRnffpektensior LTI r Eheéthapdmemenppdensiong? Bt is themuwichdram o the

... further extended by cutting an indentation near the
rigid s{fie¥e 320-end of the rigid needl e 220, as shown in

Fi gur.g: r [o¥al [ all at th

Tl (B Bisilten P GG 8 BN B o8 b, g mallat the

distal 3 08 cfedtibd e kmall ppertihg, tab helmit Figadel 32. cllir\adibimieg diyed portion
101, a wi ndow 270 may _be | ocated near the distal end

of the gpedie 40% copteins p dicle wall gndp {asgenoutsy siavaterde suprart g stigugthen

shown. i [ 64, The .
v Y Sl S T IR ARPALAA R sz e v
diameRPER grhdiil, 8 sRéwith Figaled2, i@ stdpsnThe airvad acedielflowitk darying
with nultiple angles into a sem-circular-]|ike

outer giouleters cagi beataderhy grindingy maekining driigjeetion welding si de of

t he el [ | ly.curv ed| 10 H 5
Thelimen BBt e Aeid SRR Gt R o Sideg o
272, o RBovwh RECWR D). Ofhel ROl T0Ricd tpeRY 8t theWistalRAd SheeuhibD268
of the curved needle 101 is | ocated on the concave

mininsizeefriofion agninsh theatoneavetsisleaf dhecusvedasicdly 101 dupiag geplgywent and
ol By Horhie-sBh e 35 e bt 34 gt bove 102 wih
the dlsthl}?(?e} glf’dghgi?u&ibh\(ﬁﬂl RE SR 1ip Ut ekichRd & OFROAYIdHERI10101. The

eeve 220. The sem -circul ar pockef of the
proximlhisdidd ofthe eantp 27Dorsprpirasiors cats shapakiotcontorouindnd epport the

base of the convex curvature to minimze . bendin
convermdpatle BRI APk cOAPIFd08 PLYGT RGO U HRpRT2 can be
made i i8S NGRIeP P orbipqrd bRl it oo 7 RACKning: T e amp

272 c@walke be tRatediduting aanstes ppgposs totsbal thetumen 268t the digidl end. The

The distal end of the rigid sleeve 220 can be .
sealecs¢nship ghrachut.ghe tamen 2 Branddexell0giage #@aaqg@néﬂ@ Igmen 268 & re-opened

by mad ndoLyv 270, as shown in Figure 67. When a substanti al
Y A of bone is forned, puncturing through the bony

S&ARY ot Be L0RIuitd 2darénfadetd optimive thengehdnge b huientshad waste.
chal I engi ng. Increasing the size of the needle 101 and
Figurg 33 shews 2 oopdaiitl 126gwitthbraided Silmants 122 eanapsted to apoyopsipbe 125

with 2(1: l%nlﬁl@se% 1'0“3{jl k[%% %ul?lflar%%lp%yt%onp aliI:L[sD aossal'i%nr}e%,s co'lf%t?ng nutrients from
capillaries within the vertebral body 159 and funneling the nutrients into braided filaments
122 within the nucleus pulposus 128.

Especially at the endplate 105, mineralization within the pores or channels of the conduit
126 may occlude or block the exchange of nutrients and waste between the vertebral body 159
and disc 100. Figure 74 shows a tube 125 covering or wrapped around the mid-section of the
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the vertebral bodies 159. To support a small curved

needl e 101, a shape nenory extension 271 containing a
weeaowie simlar to the curved needl e 101 i spadUusmo4/G14368

strengt hen and support the elastically curved needle

101, as shown in Figure 68. The shape nenory extension

condut 126 16 BRVER ihHEGH 60mirRtalSHa¥Bu¢ Mhtd-thgpoes@? chainels. The material
tubul ar at the distal end. The curved needl e 101 20

for making b ayhe 125 won glse kaensvdling prpandegcensaling Grrastarighionfo seal

i nd dently within the rigid..s . dl .
the puarlie s tscrndntiv it ek S SEYGmatls BRES ot Sfistine
expanfite b8 Sedlif 8 Heferid) barfBélpol§ B PENIBINES1Y pl3tirehsh kil 6a or others. An
within thé rigid sleeve 220. Both the curved needl e

anti-ingdwtrfim eivapengaithe midsectios iobthezpaduip pEamey nlseissownge
minerif S B pefer 1 SipB toogfanf o€ BB b of

nutricANGhd ¥ak@r ger area by positioning 25 the tip of the
needl e 101 proximal to the curvature of the shape

Especinllywithinghe verteb2al bodp 359 showter anmultisgiormsti@gefbidhrous tissue over
Spreading of the stresses al so | ps to ease the .
the copdiyf Yom,%&mgéﬁ%%@ﬁnwﬁwgw& ﬁ%@?@%%%%ﬂ of the
cond Call B REMe® LB OfVatehtty bbRded driSME bBRAML WA B erugitBe
shape- nenory éxtension 271°is deployed fromthe rigid
mininsit€fib@us Rizthatias. Thodmgican be getiren§8in-Popdabiiwes], lsirolimas, cell-
curved needle 101 gljding along the curvature of 30

growthighibiteries FibEoHs tpsus bn 271 and puncturing into the
Dﬁ%locthé L&t ofélga%ietaéh%réol:@eﬁlsg sboﬁmmg@hlﬁe%l‘?b%ﬂied Sments 122 are
Shape. menory ext ensl on 271 provides support to the

difficiie ead, l(%ﬂ%itﬁ thefetieningmeedi8 10DaRdSidthdrdiDpkmger 109. A conduit 126
PCT/ US2004/ 014368 _ bendi n‘g and tw si i.ng during
made pithcraided flamenk gan be sitifeagd witg water seluble agentspgich as starch,

o5 SRS TR o8 G AP 598, A0 iomen,

ssue

the sobité StiffGingddpealdivdblves WitlGnl tie bolly, ekposing tHirdfijiemehis to transport
_conduit 126 at the en%gl ate 105, the plunger 109, e
nutrieptsh pxygen aad sty Figure®> shovict moneftamenibl) usghas @ stiff gore within

curyed ne 101 .i.s retrieved int h
s R R R
degraBht18 Hafial fo'thxitnpf: tradsPbid arth aft¥edepRfimehbef e cehiduit 126.

di aneter of the curved needl e 101 can be made non

Degragabledubes 138; indicated i thetshaded arehi aftRigure i, ¢asralserheaised tp wrap and
s i Flrins 132" A et s 183 e RS RSlephP fhortament

| ; _gi z
110 4bé nﬁﬁﬂ\e}vgth f%lytgﬁgu%}rﬁ gggf Sy QIRE Sfoly-PachilP R lycBlde or others.

st rengt ss” of endpl ate 105 puncturi ng.
Sihoe ntitriamis iatd ehtively\wbendanheithinethe peniphera rigam ofithedisc 100, the

condit Effucan e e puUHeHISNTS the iy ool AP capifay action into the
nucleﬂén ﬁg@{)ﬁfs S125.6% d{?:%(giféﬁﬁ Ay B R n-sHBE A VoRBuiP 126 (not shown)

ron no
and a plunger 109 is punctured into a disc 100 with calcified endplates 105, as shown in

Figure 77. The needle 101 guiding technique is similar to the one used in diagnostic injection
of radiopaque dye for discography or chymopapain injection for nucleus pulposus 128
digestion to treat herniated discs 100. Guided by anteroposterior & lateral views from
fluoroscepes, the needle 101 enters posteriolaterally, 45° from mid-line into the disc 100. A
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The [unmen 268 of the rigid needle 220 may have a bevel
102 and a doubl e-sided ranp 272, as shown in Figure
wQq 2004/Th1bevel 102 or tapering at the distal epdr/os20041€14368
 umen 268 15 minim zes friction against the concave
side of the curved needle 101 during depl oynent and
longitddhdl vEMRbT the REedlO ¥01 Eubjiklethe sAfBnet/cdniiit WO blnth@thgsthrough the
the side opposite to the bevel 102 with the distal
disc 160 withicalcifedtendplates 308 v shownhie Figwee p8-t i p or ext ended

nd.of the rigid needle 101. .The roxi.npl. side.of t
Byl e pngst o9 SEcnrre s e irspR AU Beng af By 1§
i disc 100,
contu 283 i YR uBAO s AN\ ORBLEIO o
as showmde Figurés 208k yAt kastder end obtheepndisr tnis plaved s giap 1 cm from
t.hen shaped The,r.an 272

b hi ni ng. . | b .
the pegiphy b inshserkO4o AEvT BHTIgRS cBd dratplagficoidn dojeqase Jagine, the

i ' i b8 ith UiradibPue,
ot A5 EH i SRR S iabigye
echogbsic bEn@ApeARCoalye 165 hs stiovgr inFdgire 8hs Mudltipleeonduithii2 can be

126 are nmade to optim ze the exchange of nu_tri@nts an

safelywad pecuratoly deplgyedinfsdificrsn arpag ohrideserarating i, 100.oF iguts 82

fil apent 2, .conn ROk i ‘
shows A EARGSRARER P Renlihist 1R e 8ng s
waste betwRf ithd Rindtindicer disc190 capillaries within the

vertebral body 159 and funneling the nutrients in

to
Intocatidesilatking maymejor bwdwiessel and eraamthe tp of thensediad01 can be

sl P B oL AP 5 Bl e B s
100, 238NowWk &l FighreW4. iRk tdnad SorinAN2e nS’igy ¥ Tsi g ganfly thore nutrients

waste betwieen the vertebral body 159 and disc 100.
into thei djsr B007 dnslidition zhe adtendedconduit 1 2vmay be wroap pifective dw digposing

th i d- IR Lt 19 WDO_2004/ 101Q15 .
the wisresBI ks esudist A capsaitng s Bpar ndprpegserption of the
disclﬂbna%rsﬁhﬁm%p ' into the pores or channels. The
ria 0

mat e maki ng the tube 125 can al so have
Psvaeidajorgnuselep a98] anedo@itedsatiddenigtothalvattae sagadnt of the spimal The

AL g eSS B0 e o LB 190
t i "
Asa xglgflﬁ b PlonGff? tl?@ c&o&iﬁ;xﬁfﬁgeﬁl?seﬁ%%ﬁé) mﬁg :,1?3‘ [ BNfsc 100, as

con oOr otners. I-1ngro m or coatl ng

showitin Figard 86 -MesldsA93ake Wkt saphidd viithiRfiriemy ail exygen, and muscles
di scourage mneralization or occlusion within the

193 dissipatediaicacidivelbsBy exiending &tp drnpsedesi 199, s cradiis 136 can draw
am stk g B R o R dePonit by Ry B AL00 o ropaie
or regdi&hte th@&e%éﬁ&ﬁtﬂlé dike POOTRY sR&w! in FiBieBTN iTH suple and tensionless

exchange of nutrient and waste. A portion of the
conduits 126 are expected to be free from interfering with the functions of the disc 100 and

=

muscles 193.

Methods and devices for conduit 126 deployments can also be in various combinations.
The conduits 126 can be delivered into the endplates 105, as shown in Figure 53, and
transverse the annulus, as shown in Figures 82 or 87.

An accelerated disc degeneration model was developed using rat tails. A tail section

involving three discs was twisted or rotated 45° and held for 2 weeks. The section was then
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10 conduit 126 can be coated, grafted, covalently
bonded or ionic bonded with a drug to mnimze
wo piwroe®1f or mat i on. The drug can be acti nonyci PEDUS2004/014368

paclitaxel, sirolinmus, cell- growth inhibitor or

fibrous tissue inhibitor. Due to the soft or pliable
campféﬁs%ﬁflﬁtc%ﬂl ?ﬁhgfs and®Riof 6n Addtiomd perdbd 6f thal Aéidiiscs within the

filaments 122 are difficult to depl oy with the

section deganeratery Diserthat lmdrewdﬁddmoaﬁlaw &5 vn@efsusm dgpor discs by

mJec’ug)?lIré:;?:jcgelérﬁ1 énézgﬁfi%lgx\g}a (ije ene 1 d agegfl&lel Fo fﬂ (?ﬂPQ gd(ﬁtlonal

nucle&s%dl QQPnBN@tHé @ékﬁh&lv&béﬁwrmlﬂb@ﬂleﬂﬁg&kﬁdblﬁ againsedisc
bi'oconpati bl e agents. After deployment, the soluble
degenstakibheni ng agent di ssolves within the body, exp03| ng

Algidpinbn RS 1B Rl ihion S54GEGat e gosion
segme?&é ﬁefgeﬁ&ﬁ{% QMidkIY. "The! db@ehtiratiaso6RE 4TS tolBbreliRirP&Rl filssibly more

depl oynment .” The nonofilanment 110 can be nade with 20
surgexye gﬂmang eachetewr fusibn ison peyx viingrabler ssawpriradjasertdo if tAgeelerated

G

degeniioB A SRS M P T gion g g g A St os-

fus1oﬂ‘ﬁﬁ§s LuR WhAPTHARE ratthddel, 8Re AdWRd %ﬁhﬁ@ﬂltﬁlh'tﬁ@ﬁiﬂl&s%osus bad a

degradabl e tube 125 or the degr adabl e nonofi I anent
proted:ﬂv@ fmﬂoheagamstdh@\mtﬂrumqﬂohéch Qm;uqstmny withyspisial fasion procedures,

CO- coI| e .or oth nce nutrient
implaftad redaith 26 b AR 100 5a0ke o e Tyed SEGeliihdy BB adequate
swellfng r&kdte c%?&lbufela aﬁ%bﬁﬂd‘bﬂ%ﬁppkz@f &ﬂﬁteadnﬁ%x?{géhWO delay and
nGtrients outer annul'us through caprllary
hopefally preventridpackitalisoif8l degenepatiomosus 128. A needl e 101

carrying.the starch stiffened conduit 126 shown .
Dayiae DGR Bith 10 9 SVATA CCARGN AhG mpreie et PhBRiRN ptdergoing
|
S EK T e iy o e
patients €6 fifty ¢tira@egedrs.C Migiatich bbthe tafsiondels opaiyits 12¢ endyaesult in loss
di scograghy or chyrmg)[apm n.injection for nucl eus
8

ofeffpmvsg@as ot 361 Dot kiede bmme@t%aneﬁ\@ﬁm%@&tsa%@es or organs.

Tomg%)%zr ostro;4 %‘ﬁlﬁﬁr%%% %ers pog%l%‘%ijfo éter mFlgure

88, to/dnch6:0RithinGhd afiRilhisNérd Idwlﬁs é‘xﬁ]/dlﬂﬁusck 1930 Siilar to knots 161, rings
2004/ 101015 PCT/ US2004/ 014368 | ongitudinal view o

162 or peotruded cemponentsal62ydan e mmpgd pnfﬂmsw Bis A6 as sl_mn in Figure 89.

ot B el 10 bpdh O 167 8 sl clbleb Sl fheppcte 1ot

TissuBli Sﬁrfh SR 1ihit OF ﬁieiﬁeﬂbfﬂe{zﬁe hﬁ%raﬁ@ﬁ d hﬂeﬂt@ﬁoﬂsﬁl 60sr figsue

w thdrawn, the conduit 126 is sl odged fromthe
mgro’wdinhoie@lm ¢en beareiited dothe zaudueBpe daoam indSgurh 80dpgliscourage

. 100, as shown in Figures 79-80. At |east one end of
mlg“lmé“?f‘gﬁﬁﬁ'?t 126 is placed less than 1 cmfromthe

TREEARRG M63:fan G138 peus& ACLIRed \%‘ﬁﬁd[%’ffor ih@Hdize ARl Adrflents for

actic aci To enhance 1 magi ng,
maintaining or regenerating the disc 100. The conduit 126 can be coated or seeded with

-s

growth factor, stem cells, donor cells, nutrients, buffering agent or minerals. Cells sensitive to
sterilization can be loaded aseptically. Installations of conduits 126 can be in multiple stages,
separated by days, weeks, months or even years. Initial conduit 126 deployment prepares the
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section of the needle 101 containing the conduit 126
can be coated with a radi opaque, echogenic or
wora@agoioes coati ng 163, as shown in Figure 81. RUI/UBPO€014368
conduits 126 can be safely and accurately depl oyed
into different areas of a degenerating disc 100.
biologicAlWoRdiBidns, Gncliems fﬁl\@le&%l i bflaredGnd aptRYAItARVASRIA
_degenerating disc 00, exc anging nutrients and waste
prolifeeatine.c Bubsequént deplopments oiagconiabeseedsl cells withimthe enaduit 126.
| acki.ng any .ngj or .bl ood vessel and. or.gan he tip of
St et il Bl hasd Y 198 3tont il om0 the Buid gnnutus or
rteBAPYAidsY 30! GIHE h8Bfullif reeRLANnd 8 deeRting 1L 109Y ¢fls can b
ve ethe digz 100, asﬁghomﬁg?n Fié%re $%£QThegexte?geg% S can be
transposted wldng ¥RE corvgclitreattow vgthird the aonduit G ietonthe nuelnospulposus 123,
into the disc 100. In additio he tended condui
The chagnelsgr nozesstndhg condpyy 324 péc té’é’@éﬂﬁ{f“‘?‘ﬂjﬁ‘-‘i%ﬁsﬁ%@m 3010200
icrdhS ¢ b Lfbenk LS ch { i
eSSt bl sl 304 0o ROl b o pre i
can be mueh gmate8 Herlés ohs usafilaangaisfechechahfd @arperd deadftle conduit 126 is

adj acent to_the |unbar segment of the spine. The
f*ouﬁ%kﬁpﬁﬂﬁﬁioéQPPVﬁW§the conduit 126 can puncture

PHEHEAG dspfn Bhthe K0P e BhfE EMOIBUE hiblotic, Bhi-GRoifhive coating
lubridig grevthFacton) hotriche sdifiste, mMideral, duffetioggdnt, sotliyu €arbénate, sodium

. Muiscles 193 are well supplied with nutrients and
bicarbanatee alkaling callagen caydraxyspajte nalgesc, ssalant; hwmpefariehyaluronate,

t anding.:] L he ' 26
protefe 6, o B0t KRS 1%, 1o OB bl e,
stiffefiBp Qgért, falRpuqid @afing EchdpRnicrvosting] icslts di(erh Qellsepai I

or regenerate the deggnerating.disp 100, as shown in
The tpbe d 28 for praventing prelusion frommingralizaisoor tissuriimgroyth zan be made

. are expected to be free fromdnterfering wth the
with §hibeBBRINE Pob e el SV SR R Gl Foliall i otvettytene,
polyaniide, policsies poBfurdiRaUiilicon? Polfeithe e ketond acela$ feshe pblsulfone,
various conbi nations. The conduits 126 can be )
polycaegongte og golyathylenp glysald flimilasma@sal can betisehtd ¢pat-prpartdally coat

o5 o OR300 DPuREH GRS D i
able 10RitHIRYE | sRPRatitst Bgdnitha ledddrdn blarh2ddtodi®fd ETO, glasma or UV light

involving three discs was twi sted or rotated 45 and
to pré¢vehidinfegtio®. weeks. The section was then 21 WO

2004/ 101015 PCT/.US2004/ 01436 i
E P OB ERING ORD2HS AP RGP S SORR GELER By pisvidq qvidence
withifl WERs ¥ thBhtls.! Sfice AR Goh@Rt PROGRAIRE SHthilndfmhs! §tunhREscen

recei ved additional nucleus pul"posus from donor “discs
adversy outcorne stoubthbedissipated CH thesindestiggtiverd eheagyinbleranilain 126 shows

urthernore, insertions, of, the additional .
promfse, a permanent conduit 126 can then be ins ecfl to proxr/]i%e continuous benefits. The

-

biodegradable conduit 126 can be made with polylactate, polyglycolic, poly-lactide-co-
glycolide, polycaprolactone, trimethylene carbonate, silk, catgut, collagen, poly-p-dioxanone
or combinations of these materials. Other degradable polymers, such as polydioxanone,
polyanhydride, trimethylene carbonate, poly-beta-hydroxybutyrate, polyhydroxyvalerate, poly-
gama-ethyl-glutamate, poly-DTH-iminocarbonate, poly-bisphenol-A-iminocarbonate, poly-
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nucl eus pul posus prior to the destructive | oads

provi ded the | ongest delay against disc 5
waelegenerai i on. After |unbar fusion procedures, PETES2004/014368

intervertebral discs 100 of adjacent free notion

segnent s degenerate qui ckly. The degenerative process

s SacBhtB of PolypRSSpheke BR Aso BaHikA! Wimilar biodegradable

mﬂ#og?g oil\#dr%éyégcﬁgﬁtwof gaygn is a Er:1ew vul nerabl e segnent e
matetipbmaie usal fotmakédhe bidegradablemgeoftianenoh Ooh Kaggedht s

adj acent to a | unbar. fusion my be t sult of .

Aiide 3has otsgardegmdrble etietials GO TosfaicHt e gmitu 126

i i eghondks AMAtRbRoeit ferRUSdL HhD PSlSthylene,
Bwﬁg%&gibl%)?glly@gﬁrvg functi onét%gaienst t?@ggg?i}luct i%v}gié Ve
polyaaide, poiyesn] pobaréthmeykitinos giohatthérsharkeprnes suital gssin, polysulfone,

Inplanting conduits 126 within dis¢s 1 adj acent .t
polysrsbanaise sl giieth O HaSD Breawsd e&a@ﬁa&?seol‘qé%@aﬁ? ??glalsoobe a part of

r . : l u
AL GURLHAD L eb (- RURAF SR el s 126 o
alsélbs mad@Gitlegaslesirhias nicktbtiaitnc alloy @rsetinless stéel.nBothmen-degradable
is always a_concern. The average age of pat iben .S ) e
an Biersgnawtsdieosan heigmed byguoldigesiaidig braidige, weaving, coiling,
.canduit 126. | S ex L 4.0 i.£.hi
i e 15 SRR 18 SRR LR BLAGE UL e ando

chdnBEIS QMR8 SxRAEK! | Tife co2@uitdR6 tABHE 4 sitirel viilisa pven safety record.
effectiveness, but it is not likely to be detrinental

The convaitvidé can plge e aalied onelassified a9 a shuphriick, tube, braifed sugure, braided

m grat,i o knot s 1l ca e tigd on.t . a
e i Dok O R} sBRaaR l con o caid e
shidd ik tdpe annul us, endpl ate 105 and/or nuscle 193.

fited

imlar to knots 161, rings 162 or protruded L
CHroigié nesild BP1, tranatk®3c dilatpe2B0mmdipiengen 1ican beppadeawith stainless
shown in Figure 8 Bt h. t he knots nd t he . ,

stogh ot P O s, Thecaliticby ettt Bt 103 haf Frepopy extension 271
' RogioM B I8P Théthded® 103] & dle 220,

an%@@.lq %% I%Qéﬁrétb%gor?&élarﬁgﬁél%lgﬁéﬁﬁ%o of ti ssuee [ ngrgﬁ}%ee €

dilinot 230, Ihdpeanimbry estensiva@7band hiengari®ican be 6oated withdubricant, tissue

in Figure 90, to discourage 25 mgration wth tine.
sealay, aglegeir antibipticardiopagna, pagache adlog eEEEPIS Ui ¢l o

t [ e Gre (W 13 dRbSbrRing discs 100, cell

S S R R o T 5 B el i 10,

de#th &4 @inr@6n, 306 teslthvi dells cgablet of praduicing, glpdosamimeplysans are few.
donor cells, nutrients, buffer_iqr)lgp agent or njnera|l

Heakshy eslls @72 cfn bedieyn fsara enethsrdisco HCHiIB4be pAlieBt imject with a

asepj-.cal Ly. .1 n l,at | [ ' .
s b A 0D 8GR i I, B8l | et
walle 1§ WEE ARkl thidu it]i’én@ﬁé?%ﬂtdﬂe&%ﬁndiﬁ@laﬁ neobglptepedds and -
the 22 WD 2004/101015 PCT/ US2004/ 014368 bi ol qgical _ .
cawdah didplates105 tomoutdsinboth khe daner eells A77iand e rgmatningeplls within the

degel'}ltege{ti%gtd?s’c 1&)8 El‘f:]ll\'l/l a{rlyf %lorllor cells 277 can also be injected into the disc 100 with

transverse conduits 126 to revitalize the disc 100, as shown in Figure 92. Since cellularity
within the degenerative disc 100 is low, introduction of donor cells 277 may expedite the
process of halting or reversing disc degeneration.

The avascular disc 100 is well sealed. Even small ions, such as sulfate, and small

molecules, such as proline, are greatly limited from diffusing into the nucleus pulposus 128.
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proliferation. Subsequent deploynents may contain

seeded cells within the conduit 126. Since cellularity
wowrahiteiothe i nner disc 100 is low, cell m gratPORU$2004014368

the outer annulus or vertebral bodies 159 can be

hel pful in regenerating the degenerating disc 100.

The w@ﬁ'sleﬁe& afdc 160 mal ba ABRAS bAGhpakIARohbiEceHs RYE Hobhy £ dist 900 of
hin the conduit 126 into the nucl eus pul posus 123.

anothéfiwrsohacadewr op pnipwl satheirt Mggenmrmmmetremsm kit diss 100

o Rt S e O A g o
277. %ﬁe&ﬁ@éﬁiﬁhﬁs Pi6 ARkt toqmlaﬁs AR astEBk! ififpermeable

nce e useful range of the channel or pore size of
to cellshproteimg glytopr@@inssnd/mb oytpkiderespansids far driggering an immune

.han t 1Q Potenti al l ef.ul ating for th
reactigty n i $215 95 HErEVIHIE SHiEPHTp I Sian fells gpederliges, mononuclear
o
phagoﬁ:‘?ﬁ,e 1] '?:F]ls [lji #%rl?ﬁlghocaﬂésom kA TOLellsTNK! defiS ind/t bk Solls. The

nt, sodi um car bonate, sodi um
proteihé amt glgoaireteinalok diei mmmyktmgenclu&g/nhnmm@xﬂnﬂme,, IgM, IgD, 1gG,

anal geS| ¢, sealapt, hu cta al urona ]
TeE, QBB LM bR BIEROR Bk drolkies gy iterferons.
TIY %8{%5 ﬁ' 1&3{336??3{1151% %eaﬁﬁrv{reﬁte atk ﬁéu%ily muhishiafBs @ the immuno-
agen paque coating, echogenic”coating, cells or
respoﬁﬂimslkl proteinkandigtycoptoteiis2 STHearanspav saledtivity cen bel mgu}ated or
fromm neralization or tjssye ingrowh can

limitegibyrhesige etbeparcs BT ehapgelsathin thesgmirpermeable Sondiat 126. The
uppeﬁﬁ{)l%&ﬁgur \9&% c{u? 8%'@&1&1 it ll!? EQ{P% S o WEELWbG fe passage
pol'yam de; yester, yure ane, sil1con,
of nu@®iehié-aat h%te&hlh etchkdut the Bnm&ﬁ@&éﬂponﬁﬁe ‘Eells,q:&b’gemsl, frnanoglobulins
| ycar bonate or polyethylene lycol, Sim]ar mater]al
and gg@npmems é!aletssme-pamn ep-‘@ﬂ ‘illé f m@ﬁalso coplainggnig o ety

surfacFﬁ é(? Vft(‘?linrhléneag %v%gf «% e %’1@? é)ﬁ:&&:&ﬁﬁ‘g‘ P dlit 126 can be

selectedl OF hlod#idite Beﬂél/ eﬁélﬁﬂ@or &je%ﬁ ﬁﬁlﬁﬁndlﬁs%ﬁbns&kﬂ coaipdvients.ETO
plasma or W light to prevent infection. Especially

Infrggenit wv@s,tqegmanspéaxmfrpms@daveas o leedpmarsaiov e beasrmgeessiul in

prow#xg&gc%#;gl{lg éf%%tste V%%Q(%gl& H;L er:hst g&(l% %ﬁ?ﬂg&%ﬂﬁs are injected
into & O GaBAIR paBEMay FRtaPWdif ORRIiNS ilt6l ﬂi@ﬂw@t S$h@i%1eﬁjbegiﬂ to function
e investigative- de%gadabl e conduit 126 shows 25

as thqomm:aﬁy deinpibe panvaeas by pmediicinglipgulingn regwdaie bloodsyga) [Hawever, to
keep [ Bt clB el Eab b TR e R dife P SEHIS SR Erejection

medlcf%@ioﬁgédéﬁ % Efolodpetiy Al AataddRoA%0 tHE cosdf &ﬁvrqectlon medication, the
pol ycaprol act one, trinmethyl ene carbonate, silk

long-wmgude effeotslof s mmh@@ﬁupprgssmdms 20¢ unesrisin Aktedenefiifof cell
t | dgb | h
transpJaRy BPOASh AU B Eh 508 DAFHAIFCAGHR ot Pyl ene car bonat e
Tg% iﬁfeﬁ%&rﬂ@ W%W§&h%enﬂ@iﬁl@ YSHdRitY Y26 8Jrfbusc@ @l ¥ semi-

gane- et gl utamat e, pol y- DTH i m nocar bonat e,
permgably edpssiohe mdap:é\tlatmthemmutlo denar,ceBoR Y7 or2@ents, as shown in Figures

91 and 92, and evade the immune response; hence no life-long immuno-suppressive drug

would be required. A variety of donor cells 277 or agent can be harvested and/or cultured
from the pituitary gland (anterior, intermediate lobe or posterior), hypothalamus, adrenal
gland, adrenal medulla, fat cells, thyroid, parathyroid, pancreas, testes, ovary, pineal gland,
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WD 2004/ 101015 PCT/ US2004/ 014368 ortho-ester,
pol ycyanoacryl ate or pol yphosphazene can al so be used.
weithieno1hi odegradabl e material can be used tRPCTHE®04/014368
t he bi odegradabl e nonofilanment 110 in Figure 75. A
wi de range of non degradable materials can be used to
adrendladorteg, diver, irbeal conel) kidntR Ghalamiug qargiiatroidl glagh byargs ®rpus luteum,
such as pol ytetraf] uoroethyl ene, polypropyl ene, .
placergia, spalhipleciias, Skingslls siemtieelispmmg daerans), Lo pgiesringe coll culture,
AN ohky- et her - - . -5 N1
ot 50y ke AR B4 B 5 AR PRELR i i don, e
largesB bgaspElsSoiahes waRebsBi eaintdihbibbghasients and akste tassmrtthrdugh the
_of the conduit 126 to provide capillarity for
sei-permsablecondigtsridor iTadenerellng?t ean ksowiemibmmanogivglor cell culture.

| so b de wi.th nmet i _titani
i e 3R oSl EAgh 0485 ol il B Bt 26 o
the déifRs caAAITE IRRBUIdkinglRdure hilb thef Red¥aet Withif@helding100 is high,

extrudi ng, braiding, weaving, coiling, 10 spiraling or
productsdhivsynthgsizahby thesekells 371 26 axanlledtiheonghthamesinduidilA6 mto the

I .1 ores and/ or h s for.fluid exghange. ..
vertebpig a0 ORSEmuS pE s S Ay o iyt fE AR ation and
fHeord. The conduit 126 can also be called or
targe A . .
classified as a shunt, w ck, tube, brhal ;jpgd(ﬂscgiﬂlére, be adrenalin
The piodedt bidsyhthesinedby thi cells2 B withioribeshun $ 1000 be adrenaline,
wth the.conduits 126 installed can.be calle? th% in ] and
adrengeQTHEQIEPRF RRrmuEs, 2ldesternhe, pRdrogens. argiiengiogep (Fgigtenypl and IN),
aRkdt Lt aRaR Rithifin/ GG thoKcRicieRES
mud@%ééigl}ﬁg?glg%ﬁgwnet a orpeg (I?ed)%él !It@el astei cally curved
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e i 7 . g .
v F RS SO, A LB LRI 8 bR kin bomone
growth HorioAé-réleasirptiopmant) qumangheiionic gomtidotropiihdomirincgrowth
agents. 20 Since nutrients and oxygen are.extrenely

hormpegyipsatini iasl-like grawileisetos,lgptit divgirepia, lptsiniziag hprmone,
deat h i hy . I I :

et SR o SRR pepis .

neurotréfsiiier, iRrddirensling,loesirapRas, vk toding parkrolil hbntorehpeptide,
patient to inject wwth a syringe 276 into the .

pregngaglene maegasteionse PIobEn spromiRelappcorty PY Y9336, repipaisgietn,

f . onutrients an te. .ds -~ @S} los 0
somafhsigty: e @krorBiBropipfecins o SRRl pR B0 Ot el
releasig Rowshile, @PEIXiRY fioddhyrbAine Owsphidihdigidhe | fefotoitif Ovasopressin, or
cells 277 and the remaining cells within the

otherdheyaprutigprodyctsi sc 100. Simlarly, donor cells 277 can

| so be injected into the disc 0 wit t
86 R GhEpES pabliden PGl Hekfes HUARRKT Sfhotates
generfatedUlighif 2he sPubiel diR! 100 iy BeyableMotBilate BOdilie AR0Es@! ihvlading
disc 100 is low, introduction of donor cells 277 n?y
bloodpressics, @nerigy, neuraedivity onetabplison gietivationsad suppyessioncof gland

activ&i%g.eggrrng otmones and enzymes govern, influence or control eating habits and

utilization of fat or carbohydrates. These hormones or enzymes may provide weight loss or
gain benefits. Producing neurotransmitters, such as dopamine, adrenaline, noradrenaline,

serotonin or y-aminobutyrate, from the donor cells 277 within the shunted disc 100 can treat
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30 The avascul ar disc 100 is well sealed. Even small
ions, such as sulfate, and small nol ecul es, such as
w@e@kiomwls are greatly limted fromdiffusing i PEDUSIE4/014368

nucl eus pul posus 12S. 24 WD 2004/101015

PCT/ US2004/ 014368 The wel| seal ed disc 100 may be
depreRUnEPARIROFIRFLE! Raft@ROdissbility Smémoéry o8 afterstiochClelion, tehavior

anot her person, cadaver or aninmal w'thout triggering
problems, metal nenereprelated disease. di sc 100 regeneration, the

donor _cells, 277 can_al so, pe,stem cell Tl,.notochard ..
Relmse oF teiRstci g aatesised byt BBhs S 27E i s A disc 100
is synéi‘ﬂgrﬁ%fwg;ﬁ 'bﬂgyaQ&Rzi O Dty 128 ePOHAIG Hvind) Wle pressure within the
I nper meabl e

to célls, proteins, glycoproteins and/or
shunte/dieki 0teis nicatlp b toleapélahe prodegebiosyntbesizedibyiee donor cells 277

‘ reaction. The cells of the i system incl yd i ant .
into clge Heon TEAch BSAFERn A DR RO P sy RGO thegiovg Bithin the
s B it s b o100¥ kit
277. UbiRgiidlen 06 Laygilents ifroad thd dohorwpmgteabas amexanipidyprodytion of

. .19gG _IgE, other antibodies, interleuki NS n S t oki Nes. inio th
msulmmpﬁwan@&e shunisHidine 400 duripg slesniag heys vheq glugge enters into the
. lecul ar I gh '

i PR St TR, AR A gt e

conduRlsAR6 ikt6 cABElafby RARANsBEARS intd bell incmbsames foreatigy produttion. At
can be regulated or limted by the size of the pores )
night,dhe bisalimeslensed fromthe paméesdis appieal ghergvent thehyppglycemia.

RETHC TR P e
physiGl deiAR{ 6 nik afdensss 6f1Be boapino-r esponsi ve cell s,

proteins, iInmunoglobulins 15 and gl ycoproteins. The |
Semmebiosprthesidsidgroductiuirom fiksdonay c@%%@mamrmn%ﬂy depgsited

e Qe 3t SR b B e
prodt?%#uﬁ% 59mBfe dRAi1éIS trahSoHBd Hroudhihb BHRr Rinul@, 861in FiFu:e 82, and

-responsi ve conponents. In recent years, cel
diffused slropglathieabiomen tdel bedilyscimplatipn.e Sowa other prodacts aegy be far more

successful .in rovi di t her apeuti.c benefits. For
effeciéggabgbqrggnqgslpgthgg}qsglesp gina%%’ﬁb‘rn g‘n’ﬂ‘?ggas are
. . . . t . H ] N
GEM%?%&H%&P%&%Q?{% bndl, 84K thé‘rafeé{ti‘c% Ent§, R@idn®, minerals,

vel n, e [tver. The is s begin to i
analgbsics; thifbiotss drivther tlsrappeutiy agimts cantalwe hednjected sntbyhe shunted discs
producing insulin to regul ate bl ood sugar. However, to

100, sipalgr tofazwsndl-%el | s alive, the diabetic patient
. . . . y ] i T i )
SR itcRuddd bt B pRMBR ulecBliof gy S Biifited o he pastcular
constE@sibnodiselotdd-licpdie ahd/onshomali ia alié drawirtgscbutlatmogndledenasy dther
effects of these_ipmuno-suppressiv

§ . dr ugs
modifipation; ehangesTorequisialants wighin dag yeopeof thg ﬁ@ﬁ%ﬁmﬁﬁgﬁaﬂmﬂ have been

I I i —
of thd Rene&icheribedanaytse Rds@ t© or combined with any of the other embodiments or

other standard devices to créate alternate combinations and embodiments. The conduit 126

can also have a gate to regulate rate and/or flow direction of nutrient, gas and waste exchange.

It is also possible to connect a pump to the conduit 126 to assist the exchange between the
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10

per neabl e capsul e to encapsul ate therapeutic donor
cells 277 or agents, as shown in Figures 91 and 92,
wapa4sau@mde the i nmune response; hence no |ife-PONYS2004/014368
i mruno- suppressive drug would be required. A variety
of donor cells 277 or agent can be harvested and/or
disc 100/ahd fRtbodfly Fluedn A eI §leétttde sy W expdsedartnethe @ip, of the rigid needle
i nternedi ate | obe or posterior), hypothalamus, adrena
220 teyfleteet theapidinawithindbe fisc 108t cells, thyroid,

o3R5S R o B TRIERS BT TR S GRE b B Rlentt Afrials
consthicH8is, nieidAk, t&8Hds®f inditifh SiYes abdadtahiaisnly psdsFohwhivhdhe invention

gl and, ovary, corpus luteum placenta, snall .
may bensedt Difsreglopaterials,| copstarctions aethnds ge designsdonihg conduit 126 can

be subyt BT Rt Bipyfis o g s i dSscrinlhs Py PR Gi tqipi the
scope (tSh&iprseht #RRntiéM) EThd RANIALSHe GRS iveitionTk §BS détBrrhifed by the
body,” nmai ntai ned by nutrients and waste transport

apperided olaihs.t Fiar darifisaiiop & cleiais, sheathrid airigid tubeglar membgonbhe elastically
el | can be from human, .animal or cell culture.

cmeﬁﬁ@‘ﬁ%ﬁiﬁ?‘ﬁ? @8@&%@ &%98n, nutrients and oxygen
are supplied through the conduits 126 to the donor
cells 277. During waking hours while the pressure
within the disc 100 is high, products biosynthesized
by these cells 277 are expelled through the conduit
126 into the vertebral bodies 159, outer annul us or
muscl e 193, then into the veins, bodily circulation
and 10 target sites. The product bi osynthesized by
the cells 277 within the shunted disc 100 can be
adrenal i ne, adrenocorticotropic hornone, al dosterone,
andr ogens, angi ot ensi nogen (angiotensin | and I1l),
antidiuretic hornone, atrial-natriuretic peptide,
calcitonin, calciferol, cholecalciferol, calcitriol
chol ecyst oki nin, corticotropin-rel easing hornone,
cortisol, dehydroepi androsterone, 15 dopam ne,
endor phi n, enkephalin, ergocalciferol, erythropoietin,
follicle stimulating hornone, y-am nobutyrate,
gastrin, ghrelin, glucagon, glucocorti coids,
gonadot r opi n-rel easi ng hornone, growh
hor none-r el easi ng hornmone, human chorionic
gonadot r ophi n, human growt h hornone, insulin,
insulin-like growh factor, leptin, |ipotropin,
| ut ei ni zi ng hornone, nel anocyte-stinulating hornone,
nmel at oni n, m neral ocorticoids, neuropeptide Y, 20
neurotransmtter, noradrenaline, oestrogens, oxytocin,
par at hyroi d hornone, peptide, pregnenol one,
progest erone, prolactin, pro-opionelanocortin,
PYY-336, renin, secretin, somatostatin, testosterone,
t hr ombopoi etin, thyroid-stinulating hornone,
t hyrotropi n- rel easi ng hornone, thyroxine,
triiodothyronine, trophic hornone, serotonin,
vasopressin, or

£
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ot her therapeutic products. 25 The products (hornones,
peptides, neurotransmtter, enzynmes, catalysis or
wGaisstiomtes) generated within the shunted di SBCT/OS2008§14368

be able to regulate bodily functions including blood
pressure, energy, nheuro-activity, nmetabolism

What &CdlhiwRdii@n and suppression of gland activities. Sone
hor nones and enzymes govern, influence or contro
eating habits and wutilization of fat or

boh . h ) . _
1. A ooy BRUSS or SRR SRRl o FREKERL R i, B dFoyment
devichBihphdimnsni tters, such as dopani ne, adrenaline,

nor adrenal i ne, serotonin or y-am nobutyrate, fromthe
gdolmath,cel | s 277 within the shunted disc 100 can treat

B e Pl odan e RO v R E3haR nd

gbleigti BRicpIBY istidcondgthavi or  problens, netal or
neuro-rel ated di sease. Rel ease of the products

bi osynt hesi zed by the donor cells 277 within the

S ed disc.10 Ls .synchroni.zed w.th _haod ivity.

2. Trgeploggtt eyick ab lagh 1o AR T Hiotiiel adaelBb' i i
the 5 shunted disc 100 is nostly high to expel the
products bi osynthesized by the donor cells 277 into |

3. Theideploymeniodevics ofskaimtih &irtheraemprising e neediplpgated gt lepst partially

.,.Supine.position, the flowwthin the shunts 126 is

V“ﬂ“?ésgﬁ » bringing nutrients and oxygen into the disc
100 to nourish the cells 277. Using islets of
Langer hans from the donor’'s pancreas ,as an exanpl e,

* 4. Therdegloyiieondeyice df ekaitini3n wherdimshid eenduit is insatsH @hleast partipdly within

) 108 during sl eeping hours when glucose enters into the
said negdlg; sc 100. During waki ng hours when disc pressure is
high, insulin is expelled through the conduits 126
into circulation to draw sugars into cell nenbranes_
5. THeadeplyeregydgvicedhfctdimd, whereim sajé conduiids lovetetiah least| nagtipdly around
.. frogmthe shunted disc 100 is minimal to prevent the
Smdlﬁ?ﬂ@glycenia. In essence, products biosynthesized by
t he donor cells 277 are rel eased concurrent with
physical activity to neet the demands of the body. 15
6. THodepldynmay dévieesofotaimpl, Gt sofpsing heoatingoon spad tubulay gheath.
are appropriately deposited through the vertebra
body 159, as shown in Figure 91, then into bodily
7. Tl?é c[eg)ﬂla%{én?gevi% &%‘izﬂnﬁ% Qeheedin tHEROREN IR Bo &l fRSth theSdr¥up of
ransported through the outer annulus, as in Figure .
coatifigs consistinglofi ibieit, tissurtsghlaht) enalpasinyentibiotic ritidpaqye, magnetic and
circul ation. Sonme other products may be far nore
echogamicagentfe by entering into the nuscles 193, as shown
in Figure 92. 20 Gowmh factors, buffering agents,
hor nones, gene therapeutic agents, nutrients,
8. The dpl@yingent device of claim 1, wherein said conduit is a tube formed of a

biocompatible material.

9. The deployment device of claim 1, wherein said conduit is a multi-filament formed of a

biocompatible material.
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anal gesics, antibiotics or other therapeutic agents
can also be injected into the shunted discs 100,
waeovithieno1z o Fi gures 91-92. It is to be under stPoOHUS1va1/014368
the present invention is by no neans limted to the
particul ar constructions disclosed herein and/or
10. Thb@éploymeht RevibedFicags 1, Blitrell sid esduitdes sponge Gored ofa
. nodification, changes or equivalents within the scope
biocogpatible magterisls. Many features have been listed with
particul ar configurations, curvatures, options, and
enbodi nents. Any one or nore of the features
11. Thegeplobadni@yidkafaniad, viein ©idEindait hes b phasity of pidiaisions
ot her enbodi ments or other standard devices to create
extendingdherefremc onbi nat i ons and enbodi nents. The condui t
126 can also have a gate to regulate rate and/or fl ow
direction of nutrient, gas and waste exchange. 30 It
12. The depRmRASEIvedchimdN e hitreih saliProtrasibiears @heith frob2the group
to assist the exchange between the 27 WO 2004/101015
consifty afSkoges, baaisead ridgsc 100 and the bodily fluid. A pH
el ectrode may be exposed near the tip of the rigid
needle 220 to detect the acidity within the disc 100.
13. Te RP nPdevideFTcldiR 10MMefoii $4i®Bordduit!il oriell of Aatultifament
current enbodi nents, materials, constructions,
portiorearidoonone-fidaned portionnci si on sites are not the only
uses for which the invention 5 may be used. Different
materials, constructions, nmethods or designs for the’
14. BRUPIYMERPISAR HTRISHMDS bWHekti® hid Behdd#as forhel i A Biddgradable
the précedi ng description should be taken to limt the
matesalope of the present invention. The full scope of the
invention is to be determ ned by the appended clai ns.
For clarification in clainms, sheath is a rigid tubular
15. TH%@ {oymEREdSN @1 Ftnl 1Y wiehtiY §Ad BERRHitSs #tned dF ak®n-degradable
cal 1 Bd the elastic needle. 10 28 WD 2004/ 101015
matef2dlT/ US2004/ 014368 What is clained is: 1. A depl oynent
device for deploying a conduit into an intervertebra
di sc, the depl oynent device conprising: 5 a sheath, a

16. '%i}{}% idfyniin? 81 & F FART 1, WHeRdn bAd bbhdAlis FGaRH of @rnté)hiﬂehﬁédable

n"sal d sheath, and a plunger to deploy sa
matedgrofiosen from the group of materials consisting of polytetrafluoroethylene,

polypropylene, polyethylene, polyamide, polyester, polyurethane, silicon, poly-ether-ether-
ketone, acetal resin, polysulfone, polycarbonate, silk, cotton, linen, fiberglass, nickel-titanium
alloy and stainless steel.

17. The deployment device of claim 1, wherein said conduit is formed of a degradable
material chosen from the group of materials consisting of polylactate, polyglycolic, poly-
lactide-co-glycolide, polycaprolactone, trimethylene carbonate, silk, catgut, collagen, poly-p-
dioxanone, polydioxanone, polyanhydride, trimethylene carbonate, poly-beta-hydroxybutyrate,
polyhydroxyvalerate, poly-gama-ethyl-glutamate, poly-DTH-iminocarbonate, poly-bisphenol-
A-iminocarbonate, poly-ortho-ester, polycyanoacrylate

and polyphosphazene.
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2. The depl oynent device of claim11, wherein said

sheath has a beveled tip. 10 3. The depl oynent device
w@booghaions 1, further conprising a needl e | ocat BCI/ES$2004/014368

| east partially wthin said sheath. 4. The depl oynent

device of claim3, wherein said conduit is |ocated at

| east partially within 15 said needle. 5. The

depl oynment device of claim3, wherein said conduit is

18. The depleyment deiesof plaim il awhere gisl ondyis has 3 eeating choggndrom the
T I t device. .aj . f i si
L

nutriecd€ $ulRte Ghinet-d Bafferinglagért] odivnecabaratd) godiamchiosbondi¢, atkaline,
the group of coatings consisti n% of lubricant, tissue

collagsa dwvalnexyapatite.caelgssic ayselnt bumectagighyabyantie, Praggalyeane

nd echogeni.c agents, 25 8 7 p eyt ee .
e A5 OB} S A AT Sor e,
radioptiqR6 esataol Bile et ebdtilg, gdhe, ddlle afid plenyotlst devi ce of

cllaim1, wherein said conduit is a multi-filanent
formed of a 30 bioconpatible material. 29 WO

004/,101015, PCT/ 004/ 014368 . .
19. TH8 ERETEPR NI of SRR dr SFrElTiei Cond il S BTN 200 microns to
10 nah&mpBRe,. of a bioconpatible naterial. 11. The

depl oynent device of claim1l, wherein said conduit has
a plurality of protrusions 5 extending therefrom- 12.

h | devi f : 1 . _ -
S T SR AT P ——
chan%eil%ﬁ&a&iﬁﬂk&r%ﬂ%ﬁ ni@dns td40hdnombersdepl oyment devi ce

claiml1l, wherein said conduit is forned of a
multi-filament portion and a nono-filanent portion.

o1 TR SPAGHIA . BBl HR36Shd 0l acona

portion of said conduit.

22. The deployment device of claim 21, wherein said tube is formed of a material chosen
from the group of materials consisting of polytetrafluoroethylene, polypropylene,
polyethylene, polyamide, polyester, polyurethane, silicon, poly-ether-ether-ketone, acetal
resin, polysulfone, polycarbonate and polyethylene glycol.

23. The conduit of claim 1, wherein at least a portion of said conduit is coated with fibrous

tissue inhibitor.

24. A deployment device for deploying a conduit into an intervertebral disc, the deployment
device comprising:
a tubular sheath,
a first elastic needle having a straightened position and a curved position, said
straightened position being elastically straightened within said tubular sheath, and
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15. The depl oynent device of claim1l, wherein said

conduit is forned of a non-degradable material. 16.
wab@sdepidynment device of claiml, wherein sai BCUSZH04/014368

is formed of a non-degradable 20 material chosen from

the group of materials consisting of

pol yi:gh gﬁf\}eﬁ gjﬁﬁﬁﬁﬁ BLiRB Rlasti By RS T6oated U YR PH@AB; outside

pol yam de, polyester, poI yur et hane, silicon,

polysaﬂhdnﬂmﬁdumﬂL ketone acetal resin, polysulfone,

p carb nate Il tton i.nen, fib rglass, . .
BRI % vk Said g Fasticneadls Bituess serEifbid3gieg posisign and said
depl of claim1l, wherein said conduit is
for %gﬂﬁgboggé%gggable mat eri al chosen fromthe group

of comdtrie sized sndcandigatddiig fiv bt leadt phuiatip trathitpsilid gitptosheath.

poly- lactide-co-glycolide, polycaprolactone,

trimet hyI ene carbonate, silk, catgut, collagen,
25. ?ﬁé ¥ hPIARANGS cLAf Y4 @%@5@@ xﬁs@'elé@ﬂ@ﬁé%’dﬂéjﬁas a beveled tip.

thyl ene carbonate, y- bet a- hydr oxybut yrate
poI yhydr oxyval erate, poly-gana-et hyI gI ut amat e,

| y- bi -
G denlRomambnasaot G55 beaie SPaIL ohatd Bovelkshiin ilogated on a

°°nc€v%%*€%éfy&8%?%%“§é%ﬁeﬂf§% W e aleds iy sid et
position.wherei n said conduit has a coating chosen fromthe

group of coatings consisting of antibiotic,
anti-occlusive coating, lubricant, growth factor,

27. T8 Bt i S o) St S bl 6 b ek
hydr oxyapatite, anal gesic, seal ant, hunectant,
hyal uronat e, proteaqgl ycan, chondrojtin sulfate
28. e flgyige okglgiabh3 hivhescin s3id sharp tindp grienied gp a cemvex side of
[
said %ﬂg tefagt% H&g%g%&l é%&pﬁﬁé %:ec‘a?ﬁai% éﬁ] 9&{% @ﬁ&gg Sgélﬁon.
depl oyment device of claim1, wherein said condui t has
a pore size of 200 nicrons to 10 10 _nanongters.

29. Thedeploymspideviceial ¢laim &, whesginsaid tyhpwlarsheath and said ﬁaﬁsue%asﬂc
hannel| r ugh, said channels having a
needgﬁ?%ar‘{épg?qglfn%z%g%rnsgét?%%s to 10 nanoneters. 15 21. The
depl oynent device of claim1, further conprisi ng a
tube | ocated around a central portion of said

30. Thadenleymenp devipgotd m%émer@e\smééuhsﬂarcshaathﬁm said first elastic
rein tub d of a naterial chosen from
need\l(\%lzavﬁls%% ?os&gf:c oné.} Sh%égsﬁ& sting of

pol yt et raf | uor oet hyl ene, pol ypropyl ene,

31. The deployment device of claim 24, wherein said tubular sheath and said first elastic

needle have oval cross sections.

32. The deployment device of claim 24, further comprising a second elastic needle, said

second elastic needle located at least partially around said first elastic needle.

33. The deployment device of claim 32, wherein said first and second elastic needles have

similar curvatures and said curvatures are oriented in similar directions.
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20 pol yet hyl ene, pol yam de, pol yester, polyurethane,
silicon, poly-ether-ether-ketone, acetal resin,
w@einggedoivne, pol ycarbonate and pol yet hyl ene gPgEUE2004/014368

23. The conduit of claiml1l, wherein at |east a portion
of said conduit is coated wth fibrous tissue
inhibitor. 25 24. A depl oynent device for deploying a
conduit into an intervertebral disc, the depl oynent

34. Theveploymonticvice nfclaim 24Hurther compaising an driening eafeadingdhrough a

wallog %ttﬁb‘ﬂawn a stra %hcbﬁt?%{lgggsm ?irloﬁngeian;urved

el astically straightened wi thin said tubul ar sheath,
and 31 WD 2004/101015 PCT/ US2004/ 014368 said curved
35. Thoskplopmetalenipe of eleirn 24/ wherciarspiskiubwlar shsaththad agamp dopgted
partially outside said tubular sheath, an actuator to
theelgt)ved said first elastic needl e between said
strai ghtened position and said curved position, and 5
a conduit sized and configured to fit at |east
36. Tﬂmkibphymynwddviue rmfshmi 36 whérain seivrantp is kg:atedipeoximate a distal end

nt de f cl.aim 24, wherei
of said PR ShFth AP aled ariBeleacponver siisgt s itelgF B prsrle
device of claim25, wherein a point of said beveled
tipis located on a 10 concave side of said first
37. Thealeplogmentdtivice offolnim 24 whétenswidefizss elagtiomsedieds fogmied of nickel-
said curved position. 27. The depl oynent device of
titanigmglloyoq wherein said tubul ar sheath has a sharp tip.
15 28. The depl oynent device of claim27, wherein said
sharp tip is oriented on a convex side of said first
38. Teakployneatdtvice oficlim 24| dhéteimstaidtiess tlastioveedledas g non-uniform
sai d curved position. 29. The depl oynent device of
crossgsegHion- 24, wherein sai d tubul ar sheath and said first
el astic needl e have non-round cross sections. 20 30.
The depl oynent device of claim?29, wherein said
39. ThehiebRiynheddviceafdlabmiis, ffvihetein elichfitst elastivemettile Haaaalistal end and a

simlar cross-sectjonal pes...31. .The depl oynent
proxiga) pad Sé’ﬂ‘%ﬁﬁ‘l%ﬁi’ﬁmg\%’é‘péﬁ a%é‘?‘ﬁpf‘mﬁ@?]aﬁ“ heat h and

said first elastic

40. The deployment device of claim 24, further comprising a plunger for deploying said

conduit.

41. The deployment device of claim 24, further comprising a coating on said tubular sheath.
42. The deployment device of claim 41, wherein the coating is chosen from the group of
coatings consisting of lubricant, tissue sealant, analgesic, antibiotic, radiopaque, magnetic and

echogenic agents.

43. The deployment device of claim 24, further comprising a coating on said first elastic

needle.
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25 needl e have oval cross sections. 32. The depl oynent
device of claim24, further conprising a second
web@stivwiheedl e, said second el astic needl e | PCHUSIHOH014368
| east partially around said first elastic needle. 30
33. The depl oynent device of claim 32, wherein said
44. Thé GeflopRENISRERBGS Blafs UB CWRAEIHHRS chi@ing is Siodénd £6m the group of
curvatures and said curvatures are oriented in simlar
coatings cendistmgof IdgickD, figna sddam. malpetic seibinticotadigeque magnetic and
h The depl oynent device of claim 24, further conprising
cCROEENICAEE P ng ext ending through a wall of said tubul ar
sheath proxinmate a distal end thereof. 5 35. The
depl oynent device of claim24, wherein said tubul ar
45. Tehdeplhymhenst devicamp clapn 28 cehertineseish qpnd@ib is aTwbe upledpient
. device of claim35, wherein said ranp is |ocated
bwcompatﬁlmaéeréaldi stal end of said tubular sheath and
| ocated proximate a convex side of said first elastic
needl e. 10 37. The depl oynent device of claim 24,
46. Thhdeploypmssii dbviderod clagh 241 wherpimesdldecanduift dy avedltibfilamienk Sirmed of a
. titaniumalloy. 38. The depl oynent device of claim 24,
b“’“"Wi’é&@Fl‘P@%’? -first elastic needle has a non-uniform
15 cross-section. 39. The depl oynent device of claim
38, wherein said first elastic needle has a distal end
47. Thandeploymentdeavide of obhim 24 wheitmt sald enpduit é8 mspopgafdremed of a
. than said proximal end. 20 40. The depl oynent device
biocogypatiplgmatetiel. t yr ¢ her conprising a plunger for
depl oying said conduit. 41. The depl oynent device of
claim 24, further conprising a coating on said tubul ar
48. Thbdaploymeidedite oflchind @d] whereint satlbodndeit hbs @ phralityl &f protrusions
wherein the coating is chosen fromthe group of
extendygtherg&omonsi sti ng of | ubricant, tissue seal ant,
anal gesic, antibiotic, radi opaque, magnetic and
echogeni c agents. 43. The depl oynent device of claim
49. Thé deployineat desvduefichim @4awherein sagl amdaniigfoled bf inali-fitament

.30 needl e. 33 WD 2004/ 101015 PCT/ US2004/ 014368
portion and a mono-filament portion.

50. The deployment device of claim 24, wherein said conduit is located within said first

elastic needle.

51. The deployment device of claim 24, wherein said conduit is located at least partially

around said first elastic needle.

52. The deployment device of claim 24, wherein said conduit has a coating chosen from the
group of coatings consisting of antibiotic, anti~occlusive coating, lubricant, growth factor,
nutrient, sulfate, mineral, buffering agent, sodium carbonate, sodium bicarbonate, alkaline,
collagen, hydroxyapatite, analgesic, sealant, humectant, hyaluronate, proteoglycan,
chondroitin sulfate, keratan sulfate, glycosamino-glycans, heparin, starch, stiffening agent,

radiopaque coating, echogenic coating, gene, cells and stem cells.
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44. The depl oynent device of claim43, wherein the
coating is chosen fromthe group of coatings
waeongitetoifhig of | ubricant, tissue seal ant, anal PEBUS2004/014368
anti biotic, radi opaque, magnetic and echogenic
agents. 5 45. The depl oynent device of claim 24,
wherein said conduit is a tube fornmed of a
bi oconpatible material. 46. The depl oynment device of |
53. Thealeploguentyiericeiof cliin@4cwhetgintsaidcandpiibas a potestagraf 200 microns
formed of a bioconpatible material. 10 47. The
to 10 3anamSIFiSnt device of claim 24, wherein said conduit is
a sponge fornmed of a bioconpatible material. 48. The
depl oynment device of claim?24, wherein said conduit .
54. Thesleploptneniadaviog affclaim@d; whénsinssaidi®ndyuit basichagnels therethrough, said

therefrom. 49, T epl oyne devi ce of claim 24,
ch iroie Ao PR ID SR RERRD 11 Bent
portion and a nono-filanment portion. 20 50. The
depl oynent device of claim24, wherein said conduit is
55. Theakplegment devicesdicthimi 24s furthet eopprisinge tiibe lodgled aTpund a central
.depl oynent, device of claim?24, wherein said conduit is
portiq opput-a gt partially around said first elastic
needl e. 25 52. The depl oynent device of claim 24,
wherein said conduit has a coating chosen fromthe
56. Aynmethpdddr eosstabhighing en skchanggofofutaents mdwaste between an

. antj-occlusjve.coating, lubricgant, growth, factor

imeryegteprof e aad peaiBasreubiian he msfiorsontyStigdh SRR um
E@r bﬂ:ﬁ@ﬁﬁg aﬁﬁgﬂlg'@fg'd@@() B fevicR kB thd BtervGRibtAARE;

droxyapatite, anal gesfc, sealant, hunectant,

iyl actoatitgathe deplv pagitydesice ta@epbdyomconsiuit; ands ul f at e,
keratan sul fate, _glycosam no-glycans, heparin, starch
46 f FERRVARE g’@é’ﬁ?dlg ﬂ%&ﬂ&‘ﬁb‘&%@‘qﬁ%ﬁf&% echogeni ¢
coating, gene, cells and stemcells. 34 WO 2004/ 101015
PCT/ US2004/ 014368 53. The depl oynent devi ce of claim

57. Themethed of clainnbél wimneiniin sthp ) ahp acalls puectats dGugh the
. mcrons, to 10 nanoneters.. .5 54. The depl oynent device
mter‘@ﬁtebxabawazthr,ou&hép@mlp atg; Wddpioquyerte channel s

t her et hrough, said

58. The method of claim 57, wherein the conduit is deployed with a first end located within

the vertebra and a second end located in nucleus pulposus of the intervertebral disc.
59. The method of claim 56, wherein in step (a), the needle extends into a muscle.
60. The method of claim 59, wherein the muscle is a psoas major muscle.

61. The method of claim 56, wherein in step (b), the conduit is deployed with a first end in an

outer annulus of the intervertebral disc and a second end is within nucleus pulposus of the

intervertebral disc.
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channel s having a diameter of 200 mcrons to 10
nanoneters. 55. The depl oynent device of claim 24,
wo eoosheroi1zonpri sing a tube | ocated around a cePCT/EE2004/014368

portion of said conduit. 10 56. A nethod for
re-establishing an exchange of nutrients and waste

62. MRIMEBM §fklaibl$6; WiREiR I &bp i) Sthe @BIURGY dbMoyed with a first end in an
circulation, the nmethod conprising the stepg of . (a)

outeriansdns ofide intevedttwalodise adeind end it indby owter ammudustdfghe

] intervertebral disc: ..(b ctuating the deplo nt
mter‘{fg\?gr@t&ls% 2 gcgtea PP, fttﬁe gq@uﬁg%[eg s {he -xﬁ.gfeluﬁ pulposus of
theuﬂf&&]tébrélrd?d@ the intervertebral disc. 57. The met hod of

claim56, wherein in step (a), the needle punctures
through the intervertebral disc, through an endpl ate,
nd int ver ra. 20 58., The nmethpd of claimb57,
63. laneshord ofauiEn 6 diior SOmBRFiBg & Wk Hoa 11 ¢ ot - end
(@ ahtintld A6 pdiln YEIHe e e B SLEAR bRt bAL e
#gfnuclgﬁﬁipdﬁg%sus of the‘?%tervértggrgﬁ) Isc. 59.
Fheourslitpitic otedi¢, aharelitalloding tiemekdie 3¢ egsuna f, cutted configuration.
needl e extends into a nuscle. 25 60. The net hod of
claim 59, wherein the nuscle is a psoas nmajor nuscle.
64. Bk Ig&ﬁ@d 8@1%199?33 fw éh@bégelfd\ﬁg bftHd éieedlé Skl guﬁclﬁ‘fre an
conduit s depldyed wth a first end in an outer
endphtenflargrtebrat he i ntervertebral disc and a second end is
wi t hi n nucl eus pul posus of the intervertebral disc.
30 35 WD 2004/101015 PCT/ US2004/ 014368 62. The met hod
- I. . -
65. Bt oint S8 0fib Bl Rbs o pISUCARRME 1 Brovide o passage
to transyioey nigri¢rdfrain thidilg ciranlagaoint arbwaste out dftikee udresriebral disc.
annulus of the intervertebral disc, and a centra
portion of the conduit extends through nucl eus

[ . ' ' . .

6. T 8RS oRlin 8 RIS MRl ] s prdhy TP ke

such Ry thegoadwt ploaidep apeinhenf pastegewee trauidntd drawirg into and waste
di stal portion of a sheath surrounding the needl e,

repeliing pilinf thy gy itebrah disselbencly eollsrediyntheintsycrtsgral disc are

revita éb%#%ﬁﬁi%?ogegg?&?ﬁgéandﬁ%%% | S’hod of claim 63, wherein

e nee “used to puncture an

67. The method of claim 56, wherein the method is used to provide immunoisolated retention

of donor cells within a patient’s intervertebral disc, the method further comprising the step of:
(d) injecting donor cells into the intervertebral disc.

68. The method of claim 67, wherein the donor cells are from a gland.

69. The method of claim 67, wherein the donor cells are from tissue.

70. The method of claim 67, wherein the donor cells have an origin chosen from the group of

origins consisting of the pituitary gland, hypothalamus, adrenal gland, adrenal medulla, fat

cells, thyroid, parathyroid, pancreas, testes, ovary, pineal gland, adrenal cortex, liver, renal
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endpl ate of a vertebra. 65. The nethod of clai m 56,
wherein the conduit has a porous structure to provide
w@2@agemge to transport nutrients from bodi | yPCT/US2004/014368
circulation into and waste out of the intervertebral
di sc. 15 66. The nmethod of claim56, wherein the
corteﬁ,%&’!&égrt %ﬂ%ﬁ[ﬁdr&ﬁﬁ%ﬂi SRRk, QvhST E@cﬁué it pPRbhia ¥mall intestine,
such fhat the ‘conduit provides a permanent passageway
skin dedls, stert celés genedherapy; dissuet enginedringandecelrapmtd. i ng out of
the intervertebral disc, thereby cells within the
intervertebral disc are revitalized to halt disc
: ' sk [ P ne nmet hod of claim
(R S R R S R T
i(dmuimecing aredhfattenniothe intrvedemsl disd.| s within a
patient's intervertebral disc, the nethod further
conprising the step of: (d) injecting donor cells
oot J ’ : ]
72 A e of (N YR M HERAR e chbr ofip Rie {HRriBR Aol
69. The nethod of claim®67, wherein the donor cells

7. SR R i B St S USH G e v
o B S GRRRSTE RIS Bt on.

aldostezbhes andrbgens] shgiqiasatopyen Gngiotassict arld]), tetdimetic bumone, atrial-
.pineal gland, adrenal coriex, liver, renal 36 WO _ |
namtzfemm%&@qﬂm%@e@m algenlcifesply galci aio‘fb@@%cystokmm,

. . @) - a S .
coriR3p RN s R BB R g A e oot
enkepinilia, élaedabgiferolf érgthuspoidtin, fisiticle simaluing Gbimand, y+andnobatyrate,

The nethod of claim56, further conprisjing the step
gastrigy ghnslip,glugagor @dﬂ%@oww*gmaéqmm-rﬁl@smgwmon@ growth
[ vertq .
horm e i T i, orcHIE ORISRl (B0 porone
insulifid insthe-like phodh Gicta] Rbtih Aipotiobay; Qit¢inizhey lhemone,aadlhsocyte-
. Create a produyct chosen fromthe group .10 of )
stimlating hormens, seclatpniggaincsaleenmticeids, pguiepentidiechdieprpiransmitter,

COLLJ r Qpi G.: . , S,
nora RS R AAL DIl BhERRRoia AR, PEAE, pRRRLAREL
progédteroiy) Prolaviin] pro=opicthélnbscdtkiing POEPHBB6 GenidfdectdiidNéomatostatin,

calciferol, cholecalciferol, calcitriol,

testogpronedhromboppietin, thyreid-stiavleing hormang sihyreiropbrielsasing hormone,
t] h ' . i dor phi n,
thyro e e IOE R ERICIRERL Setiiin SRRV s T 01"

stinmul ati ng hornone, y-am nobutyrate,

74. The method of claim 67, further comprising the step:
(¢) deploying the conduit, the conduit located such that a first end thereof is located
within the central portion of the intervertebral disc and a second end thereof is located

within a vertebra.

75. A conduit for re-establishing exchange of nutrients and waste between an intervertebral

disc and bodily circulation, the conduit comprising:

37



10

15

20

25

30

15 gastrin, ghrelin, glucagon, glucocorticoids,
gonadot r opi n-rel easi ng hornone, growth
whorornewis el easi ng hornone, human chorionic  PCT/US2004/014368
gonadot r ophi n, human growt h hornone, insulin,
insulin-like growh factor, leptin, |ipotropin,
|t lebiriphtid Reeriber R oF RIS Bﬂaﬁbie%ﬁét@iﬁl%a{‘a?ﬁgﬁéﬁ’ﬁ@mber being
mel at oni n, m neral ocorticoi ds, neuropeptide Y,
neur dacatablrsuch hat a fing padionrdlsaidelongatet mgelres is within a patient’s
oxytgci.n rat hyroi d, hor.none, ti de, pregnenol one,
20 pPSE}SgS(Ig‘ﬁB S %btgﬂ’rtggﬂtﬁfve%? dB¥mel anocorti n,
PYY- 336, renin, secretin, sonatostatin, testosterone,
t hr ombopoi etin, thyroid-stinulating hornone,
76. Theyaoodwip pf elaine¥ B adiengn bsesrmdgortiarhyfisaid elengated member is locatable
riiodot hyronine, tr i ¢ hornone, serqtonin, and
such gt S5 Skachf BOKIFE oxleb kgl ot enap et Amg oA eioB
conprising the step: 25 (e) deploying the conduit, the
conduit located such that a first end thereof is
77. Thegandeit ofiglein 75, vierae said &longetet ntambet hadvesecond portion and a
i.ntervertebral .disc and a second e t hereof |s .
centrl oFficy WHERGI I OYRREBRDES S logaithls It i eeniral portion
| . .
SR D T B0 Syl Wil o APk fon cxtends outside
the ind¢rvenidtaglidise, t he conduit conprising: 37 WO 2004/ 101015
PCT/ US2004/ 014368 an el ongat ed nenber formed of a
bi oconpati bl e material, said el ongated nmenber being
78. THGRh&R 6f Q4R{73, Rlerdin B'sé&{nd%%ﬂidqo& s2id e‘i{iﬂ ted Iﬁé}ﬂ?l%}ﬁg locatable
menber 1s wthin a patient”s” nucl eus pul posus W thin
such tHat sdid semoue porion ktedis . anboulé. anfitles obthd ihterveitebiabdise.
75, wherein a second portion of said el ongated nmenber
is |ocatable such that said second portion extends
r , . I .
7o RGN SRR, S SR KL e o
matedalsecond portion and a central portion, wherein said
el ongated nenber is |ocatable such that said centra
portion 10 extends through a periphery of the
o ] . o .
80. THRBRUEL bEA, 76 oind B Bply R RO ERAGLSAS
bioconipmtible Abgtetidler ei n a second portion of said el ongated
menber is |ocatable such that said second portion
extends to an outer annulus of the intervertebra

$1. WS ndaiPof o § APl B e T RIE " e

82. The conduit of claim 75, wherein said conduit is a sponge formed of a biocompatible

material.

83. The conduit of claim 75, wherein said conduit has a plurality of protrusions extending

therefrom.

84. The conduit of claim 75, wherein said conduit is formed of a multi-filament portion and a

mono-filament portion.
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80. The conduit of claim75, wherein said conduit is a

multi-filament fornmed of a 20 bioconpatible nmaterial.
w@2004/Tow1Tonduit of claim80, wherein said PCT/US2004/014368

multi-filament is braided. 82. The conduit of claim

75, wherein said conduit is a sponge fornmed of a

bi oconpatible 25 material. 83. The conduit of claim

5, where ondU| t..has_a plurality of
85. Té\ﬂ&??@gt %f#éfalgﬁﬂ Fri sqifl gpreitgs formeded a bigregeadablg material.
of claim75, mhereln said conduit is forned of a
multi-filament portion and a nono-filanent portion.
86. TI8 cOANROK AN TH] SvHeteTh ki@ 00klifili4 Bfithed P a nbhaleguddbic tnaterial.
of claim75, wherein said conduit is forned of a
5 bi odegradabl e material. 86. The conduit of claim 75,

57, WISOAS) GrUGn oY o SUAGOARA, R L A 84 09
microne el 1) handng@sous and has a pore size of 200 nicrons

to 10 nanoneters. 88. The conduit of claim 75, wherein
sai d conduit has channel s t herethrough, said channels

88. The cgﬁ&l?t S‘ﬁc‘fm ! é?écg(; Lg& ?ﬁdl%ﬁ% glllé:nﬁ{nggsrhérgﬂ%ﬁx&h said channels

10 eachhaxiﬁgaaiaﬁgtaomw:dmoﬂgﬁdlmﬁ@uﬁﬂt@s central portion of
said conduit. 15 90. The conduit of claim89, wherein

said tube is fornmed of a rraterial chosen fromthe
r
89. ﬁe%%ﬁdl{l #({T%Iéﬂ%ﬂé o ggﬁb g% rtlgl;pe ceaﬁceed argulil%/ a F%ntf ortlon of
saxdqmﬂmm de, pol yest er, poI yur et hane, silicon,
pol y- et her - et her - ket one, acetal resin, pol ysul f one,
polycarbonate and polyethylene gl ycol . 20 91. The

5 oo, S AT R AR PR el Ry e v

of mat&ials consisting of polytetraﬂuoroethylene, polypropylene, polyethylene, polyamide,

polyester, polyurethane, silicon, poly-ether-ether-ketone, acetal resin, polysulfone,
polycarbonate and polyethylene glycol.

20  91. The conduit of claim 75, wherein at least a portion of said conduit is coated with fibrous

tissue inhibitor,
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